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Synonyms.—Peripneumony (Hippocrates) ; Pneumonia (Aretaeus) ; 
Peripneumonia vera (Sydenham) ; Pneumonic fever (Huxham) ; Pleuro- 
pneumonia; Croupous or fibrinous pneumonia ; Lobar pneumonia; Pneu- 
monitis; Sthenic pneumonia; Pulmonary fever; Pneumonie lobaire; 
fluxion de la poitrine; Lungenentztindung; Kroupose pneumonie. 

Definition—Lobar pneumonia is an acute infectious disease due to 
the pneumococcus. It is characterized pathologically by an exudative in- 
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flammation of the lungs and clinically by distinctive local and general 
symptoms. 

Though clinically an entity, lobar pneumonia may be caused by a 
number of different microérganisms—a fact of fundamental importance 


in the prophylaxis and therapy of the disease. 
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Lobar pneumonia may appear as a sporadic, an endemic or an epi- 
demic disease, and though it is practically ubiquitous, certain main fac- 
tors scem to govern its occurrence and spread. 

Predisposing Causes.— (GEOGRAPHICAL DistRIBUTION.—Pneumonia oc- 
curs in all parts of the world, but is most frequent in the temperate 
zones and In regions with a wide daily range of temperature. It causes 
more deaths in North America and in Europe than does any other acute 
infectious disease. 

Co_p.—Experimentally it has been shown in animals that chilling 
of the body surface is followed by increased bronchial secretion and, 
at times, by actual bronchitis. Clinically, the frequency with which 
respiratory infection follows upon exposure to cold and wet and the 
increased incidence of pneumonia during the winter months, among out- 
door workers, and in regions where there is a wide daily variation of 
temperature and humidity, are suggestive facts. But it is probable that 
the direct influence of cold has been overestimated, and its relation to 
subsequent respiratory inflammation nay be more casual than causal. 
That it is not always a vital factor is evidenced by the rarity of respira- 
tory disease among the members of Arctic exploratory expeditions and 
among those who live in cold, sparsely inhabited regions. 

It may well be true that many of the cases of pneumonia that oecur 
after chilling are dependent upon autogenous infection with pneumococel 
harbored in the mouth, in contrast to the more general mode of infection 
with the more virulent strains acquired by contact with pneumonic pa- 
tients or with carriers. 

CLIMATE AND SEASON.—The incidence of pneumonia shows a marked 
seasonal variation. It is greatest in the winter and early spring; less 
than twenty per cent. of the cases develop in the summer, and an 
equal proportion in the autumn. The most important climatic condi- 
tions are abrupt changes in temperature and humidity, but the exact 
influence exercised by cold and moisture is poorly understood. The 
greater incidence of the disease in winter and in cold climates is undoubt- 
edly influenced by the indoor life with resultant increase in the oppor- 
tunity for contact infection and, perhaps, to the increased consumption 
of alcoholie drinks. 

ALTITUDE.—The older view that altitude influences the morbidity 
and mortality rate of lobar pneumonia has been disproved by the statis- 
tics of the United States Army. It is said that cardiac tomplications 
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are more frequent among those who live at high altitudes and intestinal 
complications more usual among those who live near sea level. 

SEx.—Lobar pneumonia under ordinary conditions of life is more 
than twice as common in men as in women. That this difference of 
incidence is due to environmental conditions and to different degrees 
of exposure rather than to any especial susceptibility of the one or 
resistance of the other seems clear, for the higher incidence in the male 
is less evident in childhood and is not noted in institutions where the 
two sexes live under like conditions. 

AGE.—Pneumonia occurs at all ages but is most common between 
the ages of twelve and thirty-five years. Instances of congenital pneu- 
monia are recorded. The mortality is greatest at the extremes of life. 

Race.—The morbidity and mortality are higher in the negro than 
in the white race, but it is not established whether this difference is 
due to a distinct racial character, to the lack of an inherited or aequired 
immunity to infection, or to the poor hygienic conditions in which the 
negro lives. That the lack of an inherited immunity or the absence of 
immunity acquired by frequent minimum infections may be a vital factor 
is evidenced by the incidence of pneumonia among recently imported 
workers at the Panama Canal Zone, in the mines of the Rand, Africa, 
and by the decimation caused by the infection of Esquimaux and Lapps 
who migrate to temperate zones.’ 

OccupatTion.—In cities, the incidence is greater among those who 
labor out of doors than among indoor workers. This difference cannot 
be explained on the basis of exposure alone, however, for it is not observed 
in rural communities. It may be dependent in part at least upon the 
class of workers in the contrasted occupations and on the poorer hygienic 
living conditions, with overcrowding and filth in the homes of the former 
group. The mortality is higher among indoor workers. Further, the 
susceptibility of newly inducted troops as compared with seasoned sol- 
diers may be due as much to the overcrowding in the barracks or tents 
as to the unaccustomed exposure. 

Toxic AGENTS.—Lobar pneumonia has been known to develop fol- 
lowing the inhalation of various irritating vapors, gases and the aspira- 
tion of different fluids. The action of these various substances may be 
in part mechanical, opening the way for infection. It would be in- 
teresting to study this group with reference to the incidence of pneu- 
monia due to Type IV pneumococcus, for it is not improbable that the 
disease that results is dependent upon autogenous infection with the 
type organism already present in the buccal secretion. Again it may be 
true that only those individuals who are carriers of the more usually 
pathogenic types develop the disease. 

The réle of dust as an infecting agent has been demonstrated by 
Stillman,? who isolated virulent pneumococci from the dust of the en- 
virons of patients ill with pneumonia. 

OVEREXERTION AND WORRY are predisposing factors only when so pro- 
longed or marked as to cause general reduction of bodily nutrition. 
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TRAUMA.—True lobar pneumonia following trauma is exceedingly 
rare. It is most apt to follow crushing injuries of the chest wall or a 
direct blow with or without penetration of the thorax. The symptoms 
usually develop within a few days of the injury and the sputum is often 
more hemorrhagic than is the rule in the cases arising in the usual way. 

PrEGNANCY.—The relative infrequency of lobar pneumonia during 
pregnancy may be due to the limited exposure of pregnant women to 
infection, to the relatively low incidence in women, or to a form of re- 
sistance the nature of which is not understood. 

Previous ATTaAcK.—One attack of pneumonia creates a predisposi- 
tion to subsequent infection, a fact well shown by Norris’s statistics, 
according to which a history of previous pneumonia was obtained in 13.6 
per cent. of the cases analyzed. Several attacks are by no means uncom- 
mon, and as many as 28 are said to have occurred in one individual. 

ALCOHOLISM.—It is questionable if alcoholism is an important pre- 
disposing factor, except when it is excessive. The increased incidence 
of pneumonia among alcoholics is probably due more to exposure, gen- 
eral habits of life, etc., than to any direct influence of the alcohol itself. 

ASSOCIATION WITH OTHER DISEASES.—Typhoid fever and lobar pneu- 
monia rarely coexist. The term typhoid-pneumonia should be restricted 
to designate pneumonia due to the Bacillus typhosus and not applied 
to pulmonary consolidation of different causation. 

Influenza is frequently complicated by the development of pneumo- 
nia and the mortality is enhanced greatly thereby. The consolidation 
is usually lobular, often pseudolobar, occasionally true lobar in type. 
These pneumonias may be due to the streptococcus, the pneumococcus 
(most often Type IV) or to the influenza bacillus. 

Pulmonary tuberculosis, according to Flick’s statisties,*® is preceded 
by an attack of lobar pneumonia in nearly one-fifth of the cases studied. 
In the writer’s opinion, such an association is far less common, for 
eareful analysis of the history will often disclose the fact that the 
acute initial symptoms were not due to a pneumococcus infection but 
to a subacute, tuberculous lesion ciinically indistinguishable at the time 
from lobar pneumonia. Apical pneumonia and cases of delayed reso- 
lution may be confused with tuberculosis. Pneumococcus pneumonia is 
an uncommon complication of phthisis, and though it may not influence 
the course of many cases, it often leads to a recrudescence of a quiescent 
lesion and, perhaps, to the development of disseminated tuberculosis. 

When lobar pneumonia develops in the course of diabetes mellitus, 
it has an exceedingly high death rate, and in these cases gangrene of 
the lung is a more frequent complication than it is otherwise. 

In other chromic diseases pneumonia is a very usual terminal event, 
but it is much more frequently of the lobular than the lobar variety. 
When true lobar pneumonia does occur the onset is insidious, the course 
atypical and the mortality rate unusually high. 

The relation of focal infections with the pnewmococcus to the develop- 
ment of pneumonia has not been sufficiently studied. That there may 
be an important etiological relationship is evidenced by the cases of two 
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patients, each with a chronic infection of a paranasal sinus due to Type 
II] pneumococcus—both of whom developed subsequently a lobar pneu- 
monia due to the same type organism. 

Exciting Cause: the Organism.—The synonyms for this organism, 
as designated by various investigators, are: Micrococcus pasteuri (Stern- 
berg), Diplococcus pneumonia (Weichselbaum), Pneumococcus (Fran- 
kel), Microbe septicemique du salive (Pasteur), Micrococcus lanceolatus. 

Weichselbaum ‘* pointed out the fact that pulmonary consolidation 
may be caused by many different organisms, but the overwhelming fre- 
quency with which the pneumococcus occurs as the cause of lobar solidifi- 
cation of the lungs has led to the restriction of the term ‘‘lobar pneumo- 
nia’’ clinically to describe the disease due to that particular parasite. 

This article deals only with pneumonia due to the pneumococcus. 
A consideration of the diseases due to infection of the lungs with vari- 
ous other microorganisms will be found in other sections. 

In 1880, Sternberg isolated an encapsulated diplococeus from his 
own saliva, with which he produced a fatal sepsis in rabbits. Almost 
at the same time and independently, Pasteur made a similar discovery 
in the saliva of a child with rabies. Neither recognized the pathogenic 
properties of the organism at that time and it is to Eberth,® but more 
especially to Frankel,® that the credit is due for indicating the rela- 
tionship of pneumococcus to pneumonia. 

Frankel demonstrated its frequent occurrence in lobar pneumonia, 
deseribed its pathogenic and biological characteristics and gave it the 
name by which it is most generally known. His findings were confirmed 
and elaborated by Weichselbaum, who identified the pueumococeus in the 
blood and the tissues of a large series of cases of pneumonia. 

1. Morrno_tocy.—The pneumococcus is typically a diplococcus; the 
individual members of each pair of cocci are lancet shaped with flat 
surfaces opposed, but marked variations of size and shape are often 
noted, so that oval and bacillary forms may be seen in the same or in 
different cultures. In young actively growing cultures in fluid media 
chain formation may occur, but it is rarely seen when the growth is 
more sluggish and on solid media. In old cultures involution forms 
may scarcely be recognizable as the pneumococcus and even the char- 
acteristic staining reactions may be lost. 

The organism is encapsulated, non-motile and does not form spores. 
The capsule is most readily demonstrated in freshly isolated strains 
or when the young growth on suitable enriched media is examined. 
It appears as a halo about the cocci, and is pale or stained, depending 
upon the method of demonstration utilized. The capsule is most vol- 
uminous in the Type ITI Pneumococcus mucosus, and is well developed 
in recently isolated virulent strains of Type I and Type II, whereas in 
Type IV, though sometimes well formed, it may be scanty or absent. 
The function of the capsule is not definitely understood, though it is 
thought to be protective and may be an index of virulence. 

The pneumococcus stains readily with the ordinary aniline dyes and 
is not decolorized by Gram’s method (it 1s Gram-positive). 
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2. ‘CULTURAL CHARACTERISTICS.—The organism can be grown on 
ordinary culture media but is very sensitive to variations in reaction 
and composition. Optimum conditions for luxuriant development are 
found when the media are prepared directly with infusion of beef, 
when sterilization 1s accomplished by the Arnold method, and when the 
reaction is neutral or from 0.3 to 0.5 acid to phenolphthalein. The 
optimum temperature for incubation is 37° C. (98.6° F.), but growth will 
take place at a temperature as low as 25° C. (77° F.) and as high as 
41° C. (105.8° F.) Its thermal death point is 52° C. (125.6° F.) for 
ten minutes. It is a facultative anaérobe and is not sensitive to changes 
of oxygen tension On media prepared with beef extract, the growth is 
scanty and poor, but on meat infusion agar enriched with blood the 
colonies are round, moist, discrete, translucent with well-defined edges. 
The center of the colony is darker than the granular periphery and 
the growth is surrounded by a zone of greenish discoloration. 

The growth in broth is diffuse, leading to uniform turbidity of the 
medium ; but after twenty-four hours, as autolysis of the cocci occurs, the 
clouding clears. No pellicle forms, but there is floceulent sedimentation. 

Gelatin 1s not a suitable medium for cultivation of the organism, but 
when pneumococcus is grown upon it, no liquefaction occurs. 

In milk and in inulin-serum water the pneumococcus forms acid, with 
consequent coagulation of the medium. Fermentation of inulin is a 
characteristic property of pneumococcus utilized in the identification of 
the organism. Inasmuch, however, as some strains do not ferment inulin, 
and others ferment it only at times, the test is only of confirmatory 
value and negative results are of little worth. 

On media enriched with simple carbohydrates, the initial growth of 
pheumococcus is increased, but due to acid formation resulting from 
fermentation of the sugars, growth is inhibited early. The addition of 
calcium carbonate to such media will prolong the period of growth. 

3. DIFFERENTIAL CULTURAL REacTions.—The pneumococcus is often 
difficult to differentiate from some strains of streptococcus and to dis- 
tinguish them certain cultural tests are especially helpful. 

Colonies of pneumococcus on blood agar are surrounded by a green 
zone of methemoglobin. 

Pneumococeus generally leads to fermentation of inulin, whereas 
streptococcus does not. Pneumococcus rarely causes precipitation in 
serum glucose agar (0.5 per cent. glucose and ascitic fluid with a spe- 
cific gravity of 1.015 or more), whereas streptococcus regularly does. 
The pneumococcus undergoes solution in bile due to the presence of 
cholic acid (Neufeld), whereas the streptococcus is not dissolved. This 
bile solubility test 1s recognized as a valuable differentiating character 
of the pneumococcus. The test may be carried out with whole bile or 
with a 10 per cent. solution of sodium taurocholate or sodium glyco- 
cholate in 0.85 per cent. salt solution. One-fifth to one-tenth volume 
of bile will cause solution of an actively growing broth culture of pneu- 
mococcus. The presence of serum inhibits the reaction, and avirulent 
strains are less constantly dissolved than are virulent ones. 
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The Pneumococcus mucosus forms a more abundant, confluent, 
heaped-up sticky growth on the surface of solid media that character- 
istically ‘ ‘strings out’’ when a needle is raised from its surface. It 
is distinguished from Streptococcus mucosus by its solubility in bile, 
its power to ferment inulin, the greenish discoloration of blood media 
caused by it, and its virulence for mice. 

In brief, certain characteristics of the pneumococcus serve to dif- 
ferentiate it from allied organisms, especially the streptococcus. Finally, 
the specific reactions of various strains of pneumococci with their 
homologous immune sera definitely establish their identity. 

4. ViaBitiry.—The life of pneumococcus on artificial media is rela- 
tively short, and unless frequent transfers are made or special methods 
are employed the organism rapidly dies. Kept in the ice chest, cultures 
in blood broth may remain viable for several weeks and if the spleens 
of infected mice are dried in vacuo and kept in the dark, the organism 
may be recovered by animal inoculation after a period of months.’ 
Even on suitable media the pneumococcus sometimes fails to grow, 
but this is unusual if infected blood is added. Recent transfers to 
meat infusion broth grow poorly, but with frequent transplanting the 
organism grows iore readily. Chesney has shown that transfers made 
during the period of maximum growth multiply readily and without 
the period of lag characteristic of older cultures. 

5. WIRULENCE.—The virulence of the pneumococcus varies greatly. 
It is increased by passage through susceptible animals and attenuated 
by prolonged artificial cultivation. Recently isolated strains are usually 
very virulent for susceptible animals but virulence is a relative term 
and varies for different hosts, so that an estimate of the infectivity of 
the organism for one animal is not necessarily a measure of its invasive- 
ness for another. It is only generally true that a given strain of pneu- 
mococci virulent for man will be virulent for mice, and vice versa. 

To what extent the increased or decreased incidence of pneumonia 
is dependent upon variations in the virulence of the pneumococcus has 
been the subject of much discussion. The fact that the Invasive power 
of the organism may be enhanced by passage through animals and les- 
sened by prolonged artificial cultivation offers some support for this 
idea. But virulence is not absolute; it is relative to and: dependent 
upon the resisting power of the host which may vary as widely as the 
invasive ability of the organism. Outbreaks of pneumonia are surely 
determined as much by variations in the susceptibility of the invaded 
as by the virulence of the invader—a fact admirably illustrated by the 
case of healthy carriers who may harbor pathogenic types of the pneu- 
mococcus without developing pneumonia. 

6. Toxin Formation.—It has not been shown that the pneumococcus 
forms a true soluble toxin and the manifestations of pneumococcus in- 
fection are variously attributed to the action of liberated endotoxins, 
to intoxication with poisonous split products resulting from the disin- 
tegration of bacterial protein, and to the products set free by the meta- 
bolic activities of the organism itself. Autolysates of the cocci are hemo- 
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lytic and toxic, and though both of these properties are lessened by the 
action of immune serum, neutralization is not complete nor is it abso- 
lutely specific. Both the lytic and the anaphylotoxic action vary with 
the virulence of the organism and both are thermolabile, removed by 
filtration through a Berkefeld filter and by tryptic digestion. Accord- 
ing to Dochez and Avery, the hemotoxin exists preformed in the bac- 
terial cell as a hemolytic endotoxin. 

Recently these observers have confirmed and extended the observa- 
tion of Kraus ® on the formation by the pneumococcus of a soluble sub- 
stance in culture media. This specific precipitable substance found in 
the cell-free fluid of young cultures is demonstrable not only in vitro, 
but is present also in the blood and urine of infected animals and of 
patients with pneumonia. It is thermostabile and is not destroyed by 
precipitation with alcohol, ether or acetone, or by digestion with trypsin.° 

The demonstration of this substance in the blood and urine of in- 
fected individuals is of real diagnostic and prognostic value, and when 
it is excreted in large amounts is a sign of unfavorable import. To 
what extent this precipitable substance may be responsible for the in- 
toxication present in infections with pneumococcus is not established. 

7. BrotoaicaL CLASsIFICATION.—Neufeld and his co-workers first 
clearly indicated that groups of pneumococci could be differentiated 
from one another by their immunologic reactions, and Dochez, Cole and 
his associates at the Hospital of The Rockefeller Institute established 
the differentiation of the species into four definite types. Lister has 
further refined the classification. 

The classification is made on immunological and cultural tests and on 
morphological characters. Pneumococci isolated from numerous cases 
of pneumonia were studied; animals were immunized to each of many 
strains; and the immunity reactions of all were tested against each serum 
thus obtained. Agglutination, precipitation and protection experiments 
clearly established the existence of at least four groups of organisms 
arbitrarily designated Types I, II, III and IV. Individual members 
of Types I and ITI show no distinctive morphological or cultural proper- 
ties, but each possesses immunologic characters common to other mem- 
bers of the homologous group and different from those of other groups. 
Many atypical strains of Type II have been studied but the significance 
of this finding is not established. Type III is the Pnewmococcus mucosus 
and it is distinguished from the other types by morphologic and ecul- 
tural differences as well as by immunologic reactions. All members of 
this type provoke a common immunity response. 

Type IV consists of heterogeneous strains that are not interrelated, 
and only small groups of this type have common immunologic proper- 
ties. 

Types I, II, and III include about 80 per cent. of all strains responsi- 
ble for infection in man. Type IV includes about 20 per cent. of the 
strains isolated from lobar.pneumonia and is the variety generally found 
in the buecal secretions of normal individuals. 
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PNEU MOCOCCUS INCIDENCE 


Type Per cent. 
I 33.3 
II 29.3 
II Atypical 4.2 
III 13.0 
IV 20.3 


From this table of Avery, Chickering, Cole and Dochez,’ it is seen 
that Types I and II are the usual cause of infection, and are responsible ' 
for over 60 per cent. of the cases of lobar pneumonia studied. Type III 
is an infrequent cause of infection, and Type IV is the etiological agent 
in about 20 per cent. of the cases, the incidence of disease due to it 
varying in different places. 

Immunization of horses with strains of Type I or II results in the 
development of a serum of reasonably high titer. Such sera are effi- 
cacious against members of the homologous group, but are without pro- 
tective value against individuals of the other type. Immunization with 
Type III has not yielded satisfactory protective serum, and though com- 
paratively potent sera can be developed by inoculations of members of 
Type IV, such sera protect only against the organism used to produce 
them and lack the power to prevent the progress of infection due to 
other members of the same type. 

The identification of the particular type of pneumococcus responsible 
for infection in large numbers of eases has led to a revision of our ideas 
of the epidemiology of lobar pneumonia and it furnishes a better basis 
for prognosis and for specific therapy in individual cases. 

8. ISOLATION OF PNEUMOCOCCUS AND DETERMINATION OF TYPE.— 
A, From Sputum.—(i) Stained Smear Preparations.—Direct spreads of | 
sputum are stained by Gram’s method and with a capsule stain. The 
pneumococcus is readily recognized by its morphology and Type III 
may be identified by its very abundant capsule. 

(ii) Mouse Inoculation.—The sputum is carefully washed in several 
changes of sterile salt solution to free it of contaminating organisms and 
a small bit is then emulsified with sterile broth or salt solution. With 
aseptic precautions, 1.0 c.c. of this emulsion is inoculated into the peri- 
toneal cavity of a white mouse and as soon as the mouse appears ill, 
a drop of peritoneal exudate is removed by aspiration; and if smear 
preparations show very numerous pneumococci the animal is killed and 
the determination of type is made. If the organisms are few the animal 
is allowed to live and later test aspirations are made, or the animal is 
allowed to die. At autopsy the peritoneal cavity is opened with sterile 
precautions and both cultures and films made from the exudate to prove 
the pneumococcus is present in pure culture. 

The organism should be identified also by cultural tests. The peri- 
toneal exudate from the mouse is washed out with sterile salt solution 
and the washings are centrifuged at low speed to remove the fibrin and 
cells. The supernatant bacterial suspension is transferred to another tube 
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and centrifuged at high speed until the pneumococci are sedimented. 
The fluid is then decanted and the bacterial sediment is taken up in 
sufficient salt solution to make a suspension of about the opacity of an 
18-hour broth culture of the organism. Fractions of this suspension 
are used for macroscopic agglutination tests, being mixed with dilutions 
of immune serum in equal quantities. The concentration of serum re- 
quired will vary with the titer of the serum employed, but it is neces- 
sary that the dilution be found which causes agglutination of the homolo- 
gous type and does not cause cross-agglutination of the other types 
before a given serum can be utilized in carrying out the test. 

The agglutination test is not satisfactory when other organisms are 
present in large numbers; and when this is the case the precipitin method, 
as described by Blake, should be utilized. 

The peritoneal exudate prepared according to the above technic is 
immediately centrifuged at high speed until the supernatant fluid is 
water-clear. The clear fluid is mixed in quantities of 0.5 ¢c.c. with equal 
quantities of antipneumococcus serum and a specific precipitation 
promptly occurs in the tube containing the homologous immune serum. 
This test is consistently positive with Types I, II and III, and negative 
with Type IV. To identify the atypical strains of Type II it is neces- 
sary to use two dilutions of serum in the test. The typical Type II causes 
precipitation in both diluted and undiluted serum, whereas variants in 
this type precipitate only the undiluted serum. The precipitin test is 
not interfered with by the presence of other organisms. 

B. From Blood Culture—Cultures of the blood are made as de- 
scribed, and the organism identified as the pneumococcus. Ten c.c. of 
the infected blood broth are centrifuged at low speed to remove blood- 
cells and the supernatant fluid transferred to another tube. This is 
centrifuged at high speed and the sedimented bacteria are resuspended 
in sterile salt solution. The type of pneumococcus is then determined 
by macroscopic agglutination tests. 

C. From Spinal Fluid, Empyema and Lung Puncture.—The type of 
pheumococcus obtained from these sources is determined according to the 
foregoing methods. 

Lung puncture is a procedure to which recourse need rarely be had, 
but when it is carried out cultures should be made directly in bouillon. 

D. Determination of Types of Pneumococcus by Means of Specific 
: Precipitin Reaction in the Urine.—Reference has already been made to 
the fact that a certain percentage of patients with lobar pneumonia 
excrete in the urine at some stage of their disease a soluble precipitable 
substance of pneumococcus origin. This substance gives a specific pre- 
cipitin reaction with antipneumococcic serum corresponding in type to 
the organism causing the infection. The test for it does not supplant the 
usual bacteriological methods, but is useful in that in some cases an imme- 
diate diagnosis of type can be made from a study of the urine. 

The urine, concentrated or as passed, is centrifuged and when water- 
clear is mixed in amounts of 0.5 ¢.c. each with equal quantities of anti- 
pneumococcic serum of the various types. A precipitate is formed im- 
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mediately or after incubation for one hour at 37° C. (98.6° F.). The 
reaction may be slight or marked. Long incubation should be avoided, 
as bacterial growth may obscure the result. 

9. CARRIERS.—Ever since the observations of Pasteur and of Stern- 
berg, it has been known that the pneumococcus is present in the mouths 
of many healthy people, but it is only of recent date that the importance 
of this fact has been appreciated in studying the epidemiology of 
pneumonia. It is now generally conceded that the types of pneumococcus | 
ordinarily harbored in the buccal secretions of the healthy are the more . 
or less saprophytic Type IV, the infrequent Type III, and atypical: 
Type II, relatively uncommon causes of lobar pneumonia; and that 
in the healthy the more pathogenic types are not usually found. But - 
often in those convalescent or recently recovered from the disease, in 
those intimately exposed to patients with pneumonia, and very rarely 
in a healthy individual who has not been in contact with the disease, 
the more parasitic Type I and Type II are present. These individuals 
—and of them more particularly the convalescent and those intimately 
exposed to the disease—are real carriers, and it is probable that through | 
their agency the disease is often spread. 

10. EpipEmMIo_ocy.—Epidemics of pneumonia are not uncommon and 
the statistics collected by Wells admirably indicate the special peculiari- 
ties of many of those that have occurred. The reported outbreaks were 
noted most commonly in the winter and spring, and were rarely ex- 
tensive, except in barracks, prisons and hospitals. 

The epidemiological studies of Stillman indicate that the disease is 
spread directly through contact of the healthy with patients ill with 
pneumonia, with carriers healthy and convalescent, and through infected 
dust ; and they emphasize the need of isolation to prevent the dissemina- 
tion of the disease. 

11. PNEUMOcocCcUS IN APPARENTLY HEALTHY INDIVIDUALS.—Exten- 
sive observations have shown that the pneumococcus occurs in the buccal 
secretions of the healthy in from 15 to 85 per cent. of all cases examined. 
Longcope and Fox showed a low incidence for November, an exceedingly 
great increase in December and January, and a slow return to a low 
incidence in March and April. 

The frequency with which pneumococcus occurs in the saliva is inde- 
pendent of the place of residence and the kind of occupation but, accord- 
ing to Buerger, the organism is found more often in males than in | 
females. 

Dochez and Avery *! showed that a large percentage of individuals 
in intimate contact with active cases of lobar pneumonia, due to infec- 
tion with Types I and II pneumococci, harbor in their buccal secretions 
organisms of the type responsible for the disease. They likewise demon- 
strated the infrequent occurrence of these highly parasitic types in any 
except those exposed to infection or convalescent from pneumonia. 

Stillman,!? in elaborate epidemiological studies based on these find- 
ings, studied the saliva of 942 healthy individuals, some in contact with 
lobar pneumonia. From the saliva of 450 (or 47 per cent.), one or more 
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types of pneumococci were isolated; and from 492 individuals no pneu- 
mococci could be recovered at the time of the examination. The appended 
table summarizes the frequency of occurrence of the various types: 





PNEUMOCOCCUS INCIDENCE INCIDENCE 
Type No. Per cent. 
I 34 7.0 
II 22 4.5 
ITa 1 0.2 
IIb 26 5.3 
IIx 47 9.7 
III 85 17.5 
IV 271 55.8 
Pneumococcus present.... 450 
" absent .... 492 
942 


In view of these studies it is clear that Types IV, ITI, IIb and IIx 
must be regarded as normal inhabitants of the healthy mouth, and that 
Types I and II rarely occur in the saliva, except of those convalescent 
from infection or of those exposed to the disease, lobar pneumonia. The 
latter fact is borne out by the demonstration of these types in only 0.8 
per cent. of the healthy as compared with an incidence of 11.0 per cent. 
in the mouths of the convalescent or exposed. 

These data indicate the epidemiological importance of contact as a 
means of disseminating the disease and show that it may be spread by 
associating with patients, convalescents, healthy carriers or through the 
agency of infected dust. 

If autogenous infection with one of the types normally present in 
the mouth occurs it is due to altered resistance of the host as often 
perhaps as to enhanced virulence of the micrococcus or to a combination 
of these two factors. 

12. PNEuMOCcOCCUS OUTSIDE THE Bopy.—The pneumococcus is a very 
delicate organism and soon dies outside of the body. Even in cul- 
tures it succumbs rapidly unless conditions are optimum. It is readily 
killed by exposure to sunlight, by treatment with ordinary disinfectants 
and by heat. In sputum it is fairly resistant..* In moist sputum at 
room temperature and in the dark the organism has an average viability 
of about fourteen days; in strong light of less than five days. At 0° C. 
it may live 35 days, but when moist it is killed by exposure to 52° C. 
(125.6° F.) for ten minutes. 

In powdered sputum the pneumococcus dies in from one to four 
hours, depending upon the exposure to light. In dried sputum in the 
dark it survives on an average for 35 days; in diffuse light 30 days; but: 
In direct sunlight less than four hours. 

According to Stillman, the pneumococcus was demonstrable in the 
dust of patients’ quarters in over 53 per cent. of the cases studied, and 
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in every case the same type was present in the dust as was responsible 
for the illness. Growth developed in cultures of dust as long as 16 days 
after the patient was removed from the source where it was obtained, 
but generally the dust became free of pneumococci sooner than did the 
saliva of individuals exposed to the disease. 

18. PATHOGENESIS.—The why of infection with and the wherefore 
of resistance of particular individuals to the pneumococcus are still moot. 
The usual mode of infection, the route by which the micrococeus reaches 
the lungs and the reason for the predominantly pulmonary localization 
of the reaction to invasion are questions still awaiting final decision, 
and it is probably true that the answers to them differ in individual 
cases. 

The aspiration or inhalation theory is the one generally held and 
there is much evidence to support it. The frequency with which a re- 
spiratory infection antedates the onset of pneumonia, the epidemiological 
studies of Stillman, the insufflation experiments of Lamar and Meltzer,‘ 
the instances of so-called anesthesia or aspiration pneumonia, all point 
to the occurrence of aérogenous transmission. But whether the inhaled 
pheumococci are drawn directly into the bronchi and, held there by in- 
flammatory obstruction, directly lead to a reaction in the neighboring 
lung tissue, is to be determined. Granted a primarily aérogenous route 
of infection, it may still be that aspiration of the organism is followed 
by a more circuitous transportation of the pneumococcus and that the 
cocci are taken up by the blood or lymph capillaries of the upper re- 
spiratory tract and reach the lung by a hematogenous or a lymphogenous 
route. 

This idea predicates a bacteriemia (not a sepsis) as an antecedent 
of pulmonary consolidation, and there is evidence that in some cases 
such a condition occurs. Certainly it is suggested by the finding that 
positive blood cultures are often obtained when the blood is examined 
early in-the disease, by the sudden onset with chill, by the appearance of 
constitutional symptoms before the signs of pulmonary disease develop, 
by the disproportion in some cases between the symptoms and the extent 
of pulmonary consolidation of the lung, and by analogy with the newer 
ideas of other diseases, such as epidemic cerebrospinal meningitis. 

Further, the occasional occurrence of a primary pneumococcal menin- 
gitis or peritonitis shows that the organism may localize elsewhere than 
in the lung. If this idea is accepted there remains to be explained the 
predilection of the pneumococcus for the lung—perhaps the result of a 
definite tissue affinity, perhaps dependent on a preéxisting tissue sen- 
sitization, or to some unknown cause. 

14. ImmuNnity.—An epidemic and endemic disease, self-limited and 
usually terminating abruptly, pneumonia apparently offers problems in 
immunity that should be readily solved, but study has shown the case 
to be otherwise. : 

The relative resistance of man to infection with the pneumococcus, 
as evidenced by the infrequency of a sepsis without metastatic localiza- 
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tion, has been attributed by some (Dold) to opsonins and bactericidal 
substances occasionally present in the serum of normal individuals. But 
Jeo thesis is negatived by the absence of increased protection in those 
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recovered from pneumonia, in the serum of whom these bodies are more 
constantly and more abundantly present. 

The immunity that develops in favorable cases of the disease is better 
understood, and study of the phenomena associated with crisis has cast 
light upon the whole subject of immunity to pneumococcus. It 1s known 
that crisis is not due to anatomic changes in the lung or to a sudden 
loss of virulence of the pneumococcus (Rosenow) ; that the percentage 
of positive blood cultures and the intensity of the blood invasion, if 
present, decrease aS crisis or lysis 1s approached; and that the number 
of viable organisms that can be isolated from material obtained by punc- 
ture of the lung diminishes perhaps even to zero during or after crisis. 

The literature abounds with contradictory explanations of the changes 
responsible for the production of these changes and for the protection 
produced experimentally in animals.'>?!_ According to Clough,”? the 
only antibodies that appear in significant quantities are substances that 
promote phagocytosis. He has shown that serum obtained after crisis 
causes active phagocytosis of the homologous virulent strain and that 
with the increased phagocytic power of the serum there is a parallel 
increase in its power to protect mice against infection with the homol- 
ogous type. 

Inasmuch as the phagocytic activity of such serum parallels its pro- 
tective power for mice in time of appearance, incidence and in strict 
specificity, it would seem that the protective power depends upon and 
is due to its power of producing phagocytosis. To quote Clough :” 

‘“‘The fact that such definite phagocytic activity can be shown to 
develop at the crisis (or lysis) in at least a considerable proportion of 
eases and that this activity is directed against and largely limited to 
the one virulent strain infecting the patient makes it seem probable that 
this factor plays an important part in bringing about recovery in man. 

‘*The active substances in the serum are bacteriotropins in the sense 
of Neufeld, since they resist heating at 56° C. (132.8° F.) and persist 
in the serum 1n vitro, at least for a considerable period.’’ 

A state of hypersensitiveness to the protein of pneumococcus has 
been demonstrated in some cases of pneumonia but its development is 
inconstant. It does seem, however, that an allergic state may be re- 
sponsible for many of the manifestations of the disease. The predomi- 
nantly exudative character of the local reaction, its intra-alveolar, non- 
interstitial localization and the abrupt onset all resemble the type of 
response caused by experimental infection in sensitized animals. 

Finally, although bacteriotropins, agglutinins, lysins, opsonins and 
other antibodies may each in varying degree contribute to the immunity 
against the pneumococcus, it seems not unlikely that the réle of each 
may prove relatively unimportant and that some new type of reaction 
on the part of the host may be found more directly responsible. 
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General Course of a Typical Case—The disease usually sets in 
abruptly, generally with a rigor. This is of variable duration, occa- 
sionally lasting an hour or more. During it there is apprehension, the 
teeth chatter, there is generalized shivering, the patient complains of 
feeling cold and is so ill he takes to bed. The chill gradually subsides 
and in place of a feeling of cold a sensation of unbearable heat comes 
on. The skin and mucous membranes, pale during the rigor, become 
flushed and red, a throbbing headache often develops, and either torpor 
or delirium may appear. There is anorexia and oftentimes vomiting. 
The temperature is elevated and may rise to 104° or 105° F. (40° or 
40.6° C.). 

Usually at onset or after the rigor there is intense thoracic pain 
increased by respiratory effort—deep breathing, laughing, coughing, 
yawning or sneezing—so severe as to cause cessation of all voluntary 
activities. The respirations are rapid, superficial, often slightly irregu- 
lar, Jabored, and interrupted by a dry, hacking cough. 

The patient is manifestly ill and the history, with the finding of 
dyspnea, flushed skin and often cyanosis, bright, glistening eyes, rapid, 
shallow respiration, expiratory grunt, dilatation of the nostrils with each 
breath, accelerated pulse, fever, the complaint of thoracic pain and the 
hacking cough, arouse the definite suspicion of a developing pneumonia. 
Examination of the lungs, however, may discover only limited expansion 
of one side of the chest, suppressed breath sounds or a pleural friction 
rub. 

After 24 to 72 hours the thoracic pain diminishes in intensity, the 
cough becomes productive, leading to the expulsion of characteristic 
sputum, herpes appears on the lips or other parts of the face, the fever 
continues at the same or at a higher level, the tachycardia is unchanged 
and a tympanitic note is elicited over an area of the chest where, too, 
there may be suppression of breath sounds, crepitation or tubular 
breathing. 

In mild cases these symptoms persist for several days. By the sixth 
or eighth day they may become more marked, the pulse more rapid and 
weaker, the cyanosis more pronounced, while outspoken signs of con- 
solidation of the lung that have developed may spread or resolution may 
begin. 

At a varying period after onset, the crisis may occur. The tempera- 
ture suddenly falls, reaching normal in 10 to 24 hours, beads of per- 
spiration appear on the face, and soon the entire body is bathed in a 
copious sweat. Respiration becomes easier, slower, less labored, the 
color improves and the disagreeable symptoms associated with fever dis- 
appear. The sensorium clears and the patient passes from a state of 
extreme illness and discomfort to one of comparative well-being. 

In more severe cases crisis fails to develop, dyspnea and cyanosis in- 
crease, the temperature continues high or, though it fall even to normal, 
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the condition of the patient does not improve. The pulse becomes more 
rapid and weaker, restlessness and anxiety develop and collapse follows. 

In other instances crisis is delayed or never occurs, and a case with 
mild symptoms may suddenly develop very grave and untoward mani- 
festations. 

Clinical History.—IncusaTIoN PErtop.—The period of incubation is 
not definitely established. It is probably short and is variously esti- 
mated at from one to eight days. Of especial value in the determina- 
tion of the time for incubation are the cases in which pneumonia fol- 
lows trauma. In observed instances, the time between the injury and 
the chill of onset has varied from a few hours to one or two days. 

PRODROMAL SympPTOMS.—Prodromal symptoms are generally lacking, 
though not infrequently a history is obtained of antecedent thoracic 
pain, anorexia, headache, lassitude, an acute bronchitis, vomiting, ton- 
sillitis, joint and muscle pains, epistaxis, abdominal pain, ete—none of 
which is characteristic. The most common prodrome is a mild acute 
respiratory infection. The frequency with which such a history is ob- 
tained will depend in large measure upon the care with which the inves- 
tigation is made. 

ONSET.—The onset with chill is by far the most frequent. Accord- 
ing to Norris,”* of 9,851 cases, 58.18 per cent. had a rigor; of 2,334 cases, 
30.12 per cent. had chilliness; of 217 cases, 12.44 per cent. had repeated 
rigors. Jurgensen states that 60 per cent. of all cases have either a chill 
or chilly sensations at the onset. 

The presence or absence of this symptom depends upon the individual 
attacked. It is uncommon in children, in whom a convulsion is of more 
frequent occurrence; and in the aged, asthenic or alcoholic, it is often 
lacking. In the latter the onset is gradual in about half of the cases. 

The rigor of onset may last as long as nine hours (Nothnagel) and 
it may be repeated. 

SYMPTOMS DURING PROGRESS OF DISEASE.—(a@a) Fever.—During or 
just after the initial chill the temperature rises abruptly and reaches its 
summit on the first or second day. In cases that have no chill at onset 
the temperature may rise rapidly, but occasionally the ascent is slower 
and may continue 3 or 4 days before attaining a maximum. 

As a rule, the fever remains at a fairly constant level from onset to 
crisis with small remissions of 0.5°-1° F. (0.3°-0.5° C.) in the twenty- 
four hours. The average maximum is 103° F. (39.4° C.), though in 
many cases a higher level is maintained and a temperature of 105° or 
106° F. (40.5° or 41.1° C.) is not uncommon. 

Instead of a continued or subcontinued elevation of temperature, the 
fever may be outspokenly remittent, with a daily range of 1.5°-3° F. 
(0.8°-1.6° C.). Less often an intermittent fever with oscillations of 
4 or more degrees above and below the base line is seen. 

A relapsing type of fever has been descriked (Wunderlich). It was 
formerly seen in patients treated by repeated liberal venesections. 

Abrupt exacerbations of fever sometimes occur, accompanying the 
spread of the inflammatory process to portions of lung hitherto unin- 
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volved, and similar rises, apparently independent of any extension of 
the disease, occur. 

A sudden fall of temperature with collapse may occur at any stage 
of the infection and is to be differentiated from a pseudo-crisis by the 
associated physical signs (poor quality of the pulse, appearance of the 
patient, ete.). 

Pseudo-crisis is a term used to describe a marked abrupt lowering of 
the temperature occurring, as a rule, one to three days before the true 
erisis, and accompanied by an improvement in the general condition of 
the patient. It is distinguished from a real crisis by less marked slow- 
ing of the pulse rate, and by a subsequent rise of temperature within 
24 to 48 hours. Pseudo-crisis occurs in about 10 per cent. of all cases 
of pneumonia. 

Defervescence in typical uncomplicated cases is by crisis. The fall 
of temperature comes on abruptly from a maintained high level or from 
some point in a seale of gradual descent and reaches normal within 
24 hours. Occasionally the crisis is preceded by a slight or a marked 
exacerbation of fever. If the fall to normal requires more than 24 hours 
it is termed a protracted or delayed crisis; if more than two days elapse, 
termination of fever is said to be by lysis. The critical fall in tempera- 
ture begins most often in the evening or during the night and may be ex- 
tremely rapid. The writer has seen a fall of 4.5° F. (2.5° C.) in six hours. 

The day of disease on which crisis occurs varies greatly. Traube’s 
dictum that it occurs only on the odd days—third, fifth, seventh, ninth, 
eleventh—has long been discredited, and collaborated statistics show a 
nearly equal incidence on the odd and even days. Crisis, as early as the 
beginning of the second day and as late as the sixteenth, has been ob- 
served by the writer. It has been known to occur later than the twen- 
tieth day (Norris), but most commonly it occurs between the fifth and 
the thirteenth. 

After crisis, a subnormal temperature may persist for several days, 
but hypothermia is much less common than in convalescence from typhoid 
fever. Marked postcritical elevations of temperature, except in asso- 
ciation with a complication, are rare; but it is the rule for days or weeks 
after crisis has taken place to have an elevation to 99° or 99.5° F. some- 
time in the twenty-four hours. These slight elevations are perhaps asso- 
ciated with absorption from the resolving exudate in the lung. 

When defervescence has not been established by the 14th day it is 
apt to take place by lysis. Lysis occurs in about 20 per cent. of all 
cases, and is especially common in the aged and in secondary pneumonias. 

Unusual grades of hyperpyrexia (107°-109° F.) (41.6°-42.8° C.) 
have been recorded in association with marked nervous symptoms and 
just before or even after death. Parkinson ** reported a case of pneu- 
monia without nervous symptoms in which a temperature of 110° F. 
(43.3° C.) was recorded on the 5th day of the disease and an elevation 
of 105° (40.5° C.) for four days, after which crisis occurred. 

(b) Thoracic Pain.—Thoracic pain is the most constant local symp- 
dom of pneumonia occurring in about 90 per cent. of all cases (Grisolle). 
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It is frequently the initial symptom, antedating the chil! of onset by 
several hours; it often begins during the rigor or it may rarely develop 
in the course of the first days of the attack. It is most intense during 
the early hours and usually disappears within the first several days. 
The very prompt subsidence of the pain is occasionally an unfavorable 
sign, indicating the development of a pleural exudate. 

The pain is a typical ‘‘stitch in the side’’ associated with inflamma- 
tion of the pleura. It is variously denoted as intense, sharp, stabbing 
or lancinating, and is so agonizing that the patient voluntarily shortens 
the depth of inspiration. The severity of it is not an index of the 
gravity of the disease, though oftentimes it is of maximum grade in the 
severer Cases. 

The pain is rarely diffuse but is localized in a portion of one side. 
It occurs most commonly in the lower axillary or in the mamillary region, 
but may appear in any part of the chest or shoulder. There is at times 
hyperesthesia of the skin over the painful area and cireumscribed pres- 
sure increases the pain, whereas broadly applied pressure often relieves 
it. The reason for the apparently paradoxical influence of pressure 
is probably the fact that the wider application, by limiting expansion, 
lessens the mobility of the lung. 

In children pain is often absent, though at times it may be exquisitely 
severe. In the aged, the asthenic, the alcoholic and the delirious it is 
often wanting, and in central and in apical pneumonia it is a very 
unconstant symptom. 

The cause of the pain is probably not pulmonary in origin, as evi- 
denced by its absence in extensive disease of the lungs (neoplasm, deep 
abscess, etc.), but it is usually ascribed to the inflammation of the pleura 
associated with the pneumonia. 

The pain may be migratory in character; it may be referred to the 
uninvolved side of the chest, to the shoulder, neck, arm or abdomen. 

(c) Abdominal Pain.—Abdominal pain is not uncommon in pneu- 
monia.?> 26 The importance of the recognition of it as a symptom of this 
disease cannot be too strongly emphasized, because of the errors of diag- 
nosis to which ignorance of this fact may lead. The pain may be referred 
to the upper or lower quadrants of the abdomen and it has unfortu- 
nately happened often that the source of it has been misinterpreted. 
More than a few patients with pneumonia have undergone laparotomy 
for a suspected appendicitis, cholecystitis, cholelithiasis, peritonitis, etc., 
when subsequent events have clearly shown the abdominal symptoms 
were due solely to the intrathoracic disease. The coincident presence 
of rigidity and even of spasm of the abdominal muscles may make 
differential diagnosis extremely difficult, but a carefully taken history 
and the presence of rapid, shallow respiration, cyanosis, herpes labialis, 
etc., will usually disclose the cause of the symptoms. 

Chatard,” in his analysis of 658 cases at the Johns Hopkins Hospital, 
noted the occurrence of abdominal pain in 77 per cent. 


The cause of the abdominal pain is generally attributed to the ex- 
istence of a diaphragmatic pleurisy. 
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(ad) Kespiratory Tract.—Tachypnea* ig practically an invariable 
accompaniment of lobar pneumonia and whenever—especially during 
the winter months—it is noted, pulmonary consolidation should be sus- 
pected. The respiratory rate is accelerated to rates varying from 20 or 
24 to as high as 80 or 90 breaths per minute, and to as high as 200 in 
infants. The average for adults is between 24 and 40 in an attack of 
moderate severity, and when a rate of more than 50 to 60 per minute 
is encountered in an uncomplicated ease, it is a cause for apprehension. 

The respiraticns are rapid, shallow, the patient grunts with each 
expiration, speech is difficult, and the ale nasi actively play. 

Accompanying tachypnea there is nearly always dyspnea of greater 
or less severity. When dyspnea is present to a degree out of proportion 
to the extent of the consolidation it is a sign of grave omen. 

Rapid and difficult breathing, when occurring in association with 
great pain and marked psychomotor agitation, are less significant than 
when signs of cardiac embarrassment are present. 

The tachypnea and dyspnea are due to a combination of factors. 
Pain causes voluntary and involuntary restriction of respiratory effort, 
thereby hastening breathing and rendering it difficult. Toxemia, cyano- 
sis and nervous symptoms also play a role. The influence of the extent 
of pulmonary involvement 1s still moot. Undoubtedly it is of some mo- 
ment, but the observations of Washburn on experimentally infected mice, 
the results of postmortem studies in many cases, of intravitam examina- 
tions in others, and the disappearance of these symptoms after crisis 
while the consolidation is still unchanged indicate it is not the de- 
terminant of their existence except perhaps in bilateral pneumonia. 

Finally, the réle of acidosis as a cause of the polypnea and dyspnea 
seems established. Lewis *® and his co-workers have definitely shown that 
an acidosis due to non-volatile acids is responsible for these symptoms 
in the cases without cyanosis and to a lesser degree is causal in those 
with cyanosis. They showed that in pneumonia and in extrapulmonary 
pneumococcal lesions the alveolar air has a high oxygen content, a low 
percentage of carbon dioxid, and an increased hydrogen-ion concentra- 
tion due to non-volatile acids in the blood. Such acidosis, when of mild 
grade, persists over the crisis, to vanish hand in hand with the breath- 
lessness as convalescence is established. These observations also indicate 
that the respiratory symptoms of pneumonia cannot be attributed solely 
to the extent of lung damage. 

Cheyne-Stokes breathing is an untoward symptom that occurs espe- 
cially in the cases with grave toxemia and cardiac failure. 

Cough is generally present from the onset and, when bronchitis pre- 
cedes the chill, is present before it. At first it is unproductive and 
occurs in paroxysms but it soon becomes frequent, is accompanied by 
great pain, and every effort is made to suppress it. Later in the course 
—and especially after crisis—the paroxysms are more prolonged, easier 
and more productive. 

Frequently recurring paroxysms harass the patient, causing pain, 
restlessness, anxiety and loss of sleep. The violent muscular efforts lead 
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to muscle soreness, and throw a severe strain on the right heart. When 
the cough is especially violent it may lead to exhaustion and collapse. 

Cough is more frequent in pneumonia of the lower lobes; it is less con- 
stant or even lacking in secondary pneumonia and in pneumonia of the 
aged, the very young, the alcoholic and very delirious patients. 

Cough persisting or developing after crisis is sometimes indicative of 
a developing pleural exudate, especially empyema. 

Sputum.—In no other disease, except bronchial asthma, are the gross 
properties of the sputum and the cycle of changes through which it 
evolves so characteristic as in lobar pneumonia. Especially when bron- 
chitis precedes the onset of an attack, the sputum is mucoid and abundant 
for the first four or five days. Then, as the inflammatory process spreads 
and leads to involvement of the alveoli of the lung, it becomes bloody, 
due to the presence of red corpuscles. Soon it becomes so characteristic 
as to be diagnostic. Rusty, homogeneous, transparent and extremely 
tenacious, it must often be wiped from the lips and clings to the inverted 
container into which it is expelled. Blood is constantly present, uni- 
formly mixed with the mucoid material, rarely in streaks. Occasionally, 
the sputum is pure blood. The amount varies considerably but, accord- 
ing to Emerson, 150-300 cubic centimeters is the daily average. 

The color is a rusty yellowish-brown, but it may be yellow, green, 
orange, etc., as the hemoglobin derivatives that give it color undergo 
oxidation. The fact that the sputum may be green or yellow in any 
ease of pneumonia should limit the use of the term ‘‘jaundiced sputum”’ 
to the cases in which icterus is manifest. 

At the time of erisis the sputum becomes less tenacious, more 
abundant and mucopurulent in character, and the pigmentation progres- 
sively fades until a white mucus is expelled. The quantity raised during 
the disease is small, indicating, as do metabolic investigations, that 
most of the exudate is absorbed and not expectorated. 

Microscopically, smear preparations show a field in which there are 
swollen red corpuscles in various stages of preservation, columnar and 
pavement epithelial cells, polymorphonuclear and mononuclear leuko- 
cytes and oil droplets. Pneumococci, both extracellular and intracellu- 
lar, are numerous, and decrease after crisis. The isolation of pneumo- 
cocci in pure culture from the washed sputum in a given case is strong 
evidence that the organism is the causal agent of the disease. 

Chemically, there is an increase in protein substances, especially 
albumin, an increase in the fixed salts, more potassium than sodium com- 
pounds and an absence of alkaline phosphates. 

Variations 1n Sputum.—Occasionally the sputum is not rusty but is 
“‘bloody’’ throughout the course. Hemorrhagic sputum is seen when 
pneumonia complicates or is complicated by chronic passive congestion 
of the Jungs and in traumatic pneumonia. When it is expectorated in 
an apparently uncomplicated attack the suspicion of a tuberculous origin 
should be aroused, and pulmonary infarct should be considered. 

Only in rare cases of uncomplicated lobar pneumonia is pure blood 
expectorated in large amounts. 
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Prune juice sputum, so called because of its color and fluid con- 
sistency, is occasionally raised and may indicate the onset of pulmonary 
edema, a severe type of the disease, the beginning of resolution, or occa- 
sionally the development of gangrene of the lung. 

The expectoration of green sputum may have no especial significance, 
but it occasionally indicates an incorrect diagnosis, or a developing com- 
plication. It occurs in uncomplicated pneumonia, in pneumonia with 
jaundice, in delayed resolution and in abscess of the lung. In no ease 
in which it is a persistent finding ought careful repeated search for 
tubercle bacilli be neglected. 

A. very foul odor to a fluid, brown sputum, especially if it contains 
tissue fragments, may indicate gangrene of the lung. 

In pneumonic sputum plugs and casts of fibrin are quite frequently 
found. They vary from small, rolled threads of coagulated fibrin to 
large, branching forms, and even perfect casts of bronchi may be 
expelled. 

(e) Circulatory System.—Cyanosis.—Slight cyanosis is an almost con- 
stant finding in pneumonia, but intense grades do not occur in over 
10 per cent. of collected cases. 

When cyanosis occurs early in the course of an attack it is a grave 
prognostic sign. It is especially marked in secondary pneumonia, in 
individuals with emphysema or cardiac disease; in the course of com- 
plications (dilatation of the right heart, endocarditis, pericarditis, etc.) ; 
in the aleoholic and aged; and following the prolonged administration 
of coal-tar derivatives. 

The old view that this sign is due to deficient aération of the blood, 
resulting from the diminution of respiratory surface, is no longer tenable, 
in spite of the often noted parallel between the degree of the cyanosis 
and the extent of the consolidation, and the observation in two cases 
of a diminished oxygen content of the blood with an increase of the 
carbon dioxid. Peabody * has shown that in most cases of uneomplicated 
pneumonia the decrease of respiratory surface is completely compensated 
and the oxygen content of the blood is within normal limits; that the 
blood often shows a Jow content of both oxygen and carbon dioxid; and 
that in the blood of cases with marked bacteremia and of individuals 
who did not die with great suddenness there is, in addition, a dimin- 
ished oxygen-combining vapacity of the blood similar to that noted in 
rabbits infeeted with the pneumococcus and without pulmonary lesions. 
By experiments in vitro and from studies of the blood of rabbits infected 
with pneumococci, Butterfield and Peabody demonstrated that these 
changes result from the conversion of hemoglobin to methemoglobin by 
the direct action of the pneumococeus, and by analogy it is fair to assume 
that a similar process in man may account in part for the cyanosis and 
in some instances may explain a lethal result. 

Pulse—The normal ratio between respiration and pulse is 1.0: 4.5, 
but in pneumonia this proportion may be 1:3, 1:2 or even 1.0: 1.5. 

During the chill the pulse is small, rapid and hard. After the rigor 
it is usually full and bounding. It remains accelerated during the course 
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of the disease, in cases of moderate severity varying between 105 and 
115, but in severe attacks, in children, the aged, and when complica- 
tions develop it may be much more rapid. In the very young a rate of 
200 is not uncommon, but when in an adult a tachycardia of more 
‘than 125 is met with it is a grave prognostic sign. Mackenzie states, 
‘‘T have rarely seen an adult patient with a pulse over 140 recover.’’ 
The rate alone, however, is not a good index for prognosis unless the 
other characteristics of the pulse be duly considered. The pulse rate 
is more rapid in women than in men, in the small than in the large. 
Increased frequency of the pulse at the onset is not so unfavorable as 
if it develops in the course of the disease. 

During the course of an attack the pulse volume is usually smaller 
than at onset, depending to some extent upon the lessened filling of the 
left ventricle; and respiratory arhythmia is fairly frequently encoun- 
tered. Dicrotism is uncommon. A soft pulse often is indicative of a 
lesion of the myocardium. 

Arhythmia before crisis, no matter how infrequent, is regarded by 
Mackenzie as a very ominous sign. ‘‘In all cases of lobar pneumonia 
that I have met, when the pulse showed even an occasional irregularity 
before the crisis was reached, death supervened.’’ 

With crisis the rate decreases proportionately with the fall in tem- 
perature and not infrequently an actual bradycardia is present during 
convalescence. When the myocardium has been injured, when compli- 
cations develop, in the neurotic and in patients with hyperthyroidism 
tachycardia persists. 

Blood-pressure—The changes of blood-pressure in pneumonia have 
been much discussed.*1-33 Weigert ** decided from a review of the litera- 
ture that no conclusions concerning its variations could be established. 
At direct variance with this view is that of G. A. Gibson,*® who formu- 
lated what has since been known as Gibson’s rule: “‘A pressure appre- 
ciably below the normal in pneumonia is invariably of evil omen and any 
considerable fall bodes disaster. When the arterial pressure, expressed 
in millimeters of mercury, does not fall below the pulse rate, expressed 
in beats per minute, the fact may be taken as of excellent augury, while 
the converse is equally true.’’ 

This dictum met with almost universal acceptance until the observa: 
tions of Newburgh and Minot ** appeared, which showed that the assump- 
tion that the blood-pressure is abnormally low in fatal cases of pneu- 
monia is ineorrect and, further, that the vasomotor reflexes are normal 
in these cases. From the results of their observations they conclude that 
prognostic inferences based on the relation of systolic pressure to the 
curve of the pulse-rate are more often incorrect than correct. 

From clinical experience the following statements are warranted. 
The blood-pressure is frequently lowered during pneumonia, but there 
are many cases in which, throughout the entire course, a normal pressure 
is found. The severer cases are more apt to have hypotension than are 
the mild (Staehelin 27). 

The fall of pressure usually is not marked, though in fatal cases a 
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drop of 70 to 80 mm. of mercury is sometimes seen A decrease of 
pressure of 10-15 mm. of mercury is without significance, but a gradual 
progressive fall is evidence of cardiovascular weakness and an indication 
for treatment. An abrupt fall of pressure greater than 25 mm. of mer- 
cury is of grave portent. There is no characteristic alteration of blood- 
pressure associated with the febrile crisis. 

Heart—To make a satisfactory prognosis and to treat lobar pneu- 
monia efficiently, it is essential that careful and accurate observations 
of the condition of the heart be made from the outset. 

The location of the point of maximum impulse, the determination of 
the right and left limits of cardiac dullness, the mapping out of the 
conformation of the cardiac area and of the angle between cardiac and 
hepatic dullness are no less important than the accurate evaluation of 
auscultatory phenomena. 

Changes in percussion findings may give early clews to dilatation 
of the heart and beginning decompensation. Alteration in outline may 
discover pericardial effusion. Weakening of the pulmonic second sound 
may forecast myocardial insufficiency and displacement of the heart lead 
to detection of a pleural exudate. Increase of cardiae dullness to the 
right may result from dilatation of the right heart, from pericardial 
effusion, or it may be evidence of a displacement of the heart due to 
pleural exudation or massive pulmonary consolidation on the left side. 
Apparent enlargement or displacement to the right may be the result of 
retraction of the right lung (Jurgensen). 

As already noted, the heart rate is usually accelerated and the tachy- 
cardia may be moderate or marked. After crisis bradycardia may de- 
velop. Several instances of heart block developing in the course of the 
disease have been described.** 

Cardiac arhythmias of all types mav occur, especially in patients with 
old myocardial disease, endocarditis or atherosclerosis. They are always 
of serious portent except when thev are allorhythmias that have been 
present for vears without signs of cardiac disease. ° 

Gallop rhythm, especially the protodiastolic variety—a three-time 
rhythm with the third sound occurring early in diastole—is occasionally 
heard and is usually indicative of myocardial weakness. Tic-tac rhythm 
or embryocardia occasionally occurs. The pulmonic second sound is 
usually markedly accentuated, probably as a result of the increased re- 
sistance, and therefore augmented pressure in the lesser circulation; and 
occasionally it is reduplicated. A loud snapping second pulmonie sound, 
other things being equal, is of good augury, and when this sound becomes 
enfeebled it may foretell failure of the right heart and collapse. Often 
one fails to recognize enfeeblement of this sound because of its increased 
transmission through consolidated lung tissue. 

Heart murmurs are of common occurrence.*® During the active 
febrile stage of the disease a soft blowing apical systolic murmur is 
usually audible. Unassociated with cardiac enlargement and localized 
to the apex, transmitted over the body of the heart but not usually 
lateralward, and disappearing during convalescence, such a bruit is to 
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be considered a functional murmur and not indicative of a true mitral 
lesion. It may result from relaxation of the heart muscle, changed com- 
position of the blood, or altered pressure in the pulmonic circulation. 
Of course if a preéxistent valvular lesion is present, the murmurs asso- 
ciated with it may be heard. Whenever murmurs appear during the 
course of an attack and especially if they are diastolic in time, the pres- 
ence of an endocarditis should be suspected. 

The development of arhythmia, gallop rhythm, embryocardia or of 
cardiac dilatation may come on gradually or abruptly, but outspoken 
evidence of cardiac weakness is uncommon before the third or fourth 
day of disease. Not infrequently it is detected just before or at the 
time of crisis—rarely after crisis. Cyanosis, dyspnea, chilliness, sweat- 
ing, delirium, increased tachycardia and hypothermia are the signs noted 
in cases of syncope or collapse which may be fatal or from which re- 
covery may follow. When such signs occur the outlook is always exceed- 
ingly grave, and this is especially true when they are of postcritical 
development. 

Sudden death may result from acute dilatation of the heart or from 
pulmonary embolism. 

The cardiac weakness is variously attributed to myocardial injury, 
the direct result of the toxemia; to increased cardiac strain, the result 
of obstructed pulmonary circulation ; to the fever; to vasomotor paresis ; 
or to a combination of these causes. 

Newburgh and Porter *° have shown that the heart muscle in pneu- 
monia is essentially normal, having adjusted itself to its poisoned food 
as a result of a very gradual exposure to the toxin in the blood. 

(f) Skin.—Herpes simplex occurs in from 5 to 50 per cent. of col- 
lected cases,*t and by many is considered a favorable prognostic sign. 
The eruption appears most commonly on the lips or near the angle 
of the mouth, usually at the junction of the skin and mucous membrane ; 
but it may develop within the nose, on the chin, ears, extremities and 
about the anal and genital regions. It may appear before the rigor or 
within the first few days of the disease, and rarely the vesicles may 
first erupt with beginning resolution. In some cases of herpes in the 
area innervated by the trigeminal nerve, Howard ‘? found inflammatory 
and degenerative changes in the gasserian ganglion. 

In an infectious disease of undetermined etiology the presence of 
facial, labial or nasal herpes brings into serious consideration lobar pneu- 
monia, malarial fever, influenza and epidemic meningitis. Erythema of 
the face and of the skin of other parts of the body is often present during 
the febrile stage of the disease. Flushing of one cheek, on the same 
side as the pneumonia, is said to be of common occurrence. 

Sweating may occur at any period of an attack, though it is un- 
common except at crisis or with the development of complications. Occa- 
sionally at the height of the fever, instead of a hot, dry skin there is 
profuse perspiration (sudoral type). Accompanying defervescence there 
is usually a drenching sweat, especially marked in youthful patients. 
Profuse perspiration may appear in the preagonal stage of the disease 
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with signs of collapse; as an accompaniment of the motor agitation of 
the delirious; and when empyema or other complications develop. 

Miliaria ecrystallina and miliaria rubra quite often develop as a 
result of the sweating. Purpura and furunculosis are of uncommon 
occurrence, and a roseola-like eruption has been described. Jaundice 
is described under Complications (p. 50). 

(g) Gastro-intestinal Tract—As in most febrile diseases, gastro- 
intestinal symptoms often occur without active disease of the digestive 
organs. The tongue is usually dry and heavily furred. Sordes may be 
present on the lips and teeth and anorexia is present from the onset. 
Nausea and vomiting are relatively infrequent symptoms except in 
children, in alcoholics, in patients with especially violent paroxysms of 
cough and in those with abdominal complications. In the cases collected 
by Norris, nausea occurred in 13.5 per cent., vomiting in 26.8 per cent. 

Hiccough may be harassing and, when it cannot be relieved, clouds 
the prognosis. Persistent hiccough is often indicative of a diaphragmatic 
pleurisy or of peritonitis. 

The bowels are usually constipated, sometimes regular and occa- 
sionally there is diarrhea. The last may be due to a purgative taken 
at the onset or to a complicating ileocolitis. 

Tympanites or meteorism, especially common in the severe toxic 
cases and in those with grave circulatory disturbances, is an annoying 
and oftentimes an alarming symptom. All grades of abdominal dis- 
tention are met with and, when an extreme degree is present, may in- 
terfere seriously with respiration. It may be due to a toxic paresis 
of the intestines, to enteritis, to limited mobility of the diaphragm, to 
derangement of the splanchnic circulation, or be associated with a com- 
plicating peritonitis. The occurrence of abdominal pain has been con- 
sidered. 

The liver is often enlarged in pneumonia, but the finding of a pal- 
pable liver edge may result not only from enlargement but may be due 
to displacement downward caused by the pressure of hepatized lung, 
pleural exudate or subphrenie abscess. 

As in most infections diseases, there is some enlargement of the 
spleen but it is not usually marked. The splenic dullness was increased 
in 90 per cent. of our cases but the border was palpable in only one- 
third of them. When the edge is felt it is usually soft and does not 
present more than a few cubic centimeters below the costal margin. 
With the subsidence of the acute stage of the disease the splenic swelling 
regresses. 

Lymphadenitis with enlargement of the cervical and inguinal nodes 
has been noted often, but in the writer’s experience it is a rare finding. 

(h) Nervous System.—Nervous prodromata are uncommon, but next 
to the respiratory and circulatory symptoms the nervous manifestations 
are the most marked. 

Headache is often present at onset and subsides during the progress 
of the disease. Rarely severe, it may be so intense as to suggest menin- 
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gitis. The pain is usually increased by and may be excruciating during 
the paroxysms of cough. 

Insomnia or restless sleep may occur early in the disease and may 
result from pain or from frequent coughing. Somnolence at onset is a 
sign of graver significance, except in children. Torpor and coma occur 
in the very toxic cases and with meningitis. 

Convulsions are rare in adults, fairly frequent in children, and are 
not uncommon in the alcoholic, the epileptic, the insane and in indi- 
viduals with a psychoneurotic tendency. Von Ziemssen has described 
recurring convulsions in children from the onset to the termination of 
an attack. 

Delirium is the usual manifestation of the functional involvement of 
the nervous system. It is outspoken especially in children,*® in the 
aleoholic, in the very toxic cases, in those with meningitis, in patients 
with apical pneumonia and in those with hyperpyrexia. Delirium occurs 
in from 15 to 31 per cent. of the cases. It is more commonly met with 
in the eases that go on to a fatal termination and in upper lobe consolida- 
tion. The delirium does not vary directly with the elevation of tem- 
perature. 

The mental disturbances, often of abrupt onset, vary from a low 
muttering delirium to states of excitement, and outspoken mania has led 
to the admission of patients with acute pneumonia to insane asylums. 
There may be torpor, confusional states, disorientation—as to time, 
place or person—and general incoherence. Hallucinations, delusions of 
all varieties, paranoid ideas, etc., are not uncommon, and typical, ex- 
pansive delirium with grandiose ideas oceurs. During a delusional state 
the patient may do himself hurt or become suicidal. 

Delirium tremens is often precipitated by an attack of pneumonia 
but is less often seen than when venesection was freely practiced. The 
delirium developing at the time of crisis, during crisis and postcritically, 
is an exhaustion psychoneurosis in contradistinction to the toxie types 
occurring in the course of the disease. Aufrecht has noted delirium 
after crisis In children and in adults who showed no nervous symptoms 
during the attack. 

Posteritical delirium may develop immediately after crisis, with or 
without a marked fall of temperature, may reach its height in several 
days or a week, and may leave an altered mental state that requires 
weeks before returning to normal. In other cases a confusional state 
may occur that is corrected in a few days. (These phenomena are 
similar to those occurring after typhoid fever.) 

Meningismus and meningitis are considered under Complications 
(p. 47). 

Physical Findings.—DETERMINED BY INSPECTION.—Inspection yields 
data of great diagnostic worth. The rapid, shallow breathing, movement 
of the ale nase, contraction of the accessory muscles of respiration, 
dyspnea, cyanosis of skin and mucous membranes, flushed cheeks 
and the presence perhaps of herpes labialis or herpes nasalis, are all 
suge@estive. 
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The posture, too, may be helpful. When there is much thoracic pain 
due to accompanying pleuritis the patient often lies on the affected 
side and, by pressure with hand or pillow, aims to limit its motion. 
The dorsal decubitis is often assumed. 

There is frequently limited expansion on the side of the diseased 
lung though the immobility is not so marked as when there is pleural 
effusion. When the lower lobe is involved, the upper thorax on the 
same side often has a wider excursion than does that on the healthy 
side. If the right lung is affected, compensatory over-expansion is 
sometimes noted on the left, and vice versa. It is not rare to see ap- 
parent lagging of the uninvolved side, a finding that may lead to an 
erroneous impression if noted early before other signs become manifest. 

Limited movement of the diaphragm, as evidenced by altered Litten’s 
sign, may be found. 

The point of maximum cardiac impulse may be displaced slightly to 
the right when the left lung is involved and conversely. 

Mensuration of the chest with cyrtometer or tape rarely yields any 
data of value. There may be increased fullness of the affected side 
when consolidation is outspoken. 

DETERMINED BY PALPATION.—By palpation we may discover or estab- 
lish altered relative expansion of the two sides of the chest. Early in 
the disease there may be a diminution of vocal fremitus over the af- 
fected lung but more characteristic is the increased fremitus when con- 
solidation has developed. 

The vocal fremitus may be diminished if there 1s marked pleural 
thickening or if there is a very thick fibrinous pleural exudate. It is 
diminished or absent when there is pleural effusion and in so-called mas- 
sive pneumonia when the bronchi are plugged with exudate. In such 
cases the fremitus may return, if through coughing the bronchial secre- 
tion is dislodged or evacuated. In women, children and 1n all individuals 
with a voice that is feeble or of high pitch, determination of altered 
vocal fremitus is of little value. In deep-seated or central pneumonia 
the fremitus may be unchanged. 

A palpable friction rub may be found when fibrinous pleurisy is 
present and rhoncal fremitus is occasionally palpable when there is an 
accompanying bronchitis and during resolution. 

DETERMINED BY PERCUSSION AND AUSCULTATION.—Pereussion and aus- 
cultation vield the most informing data. 

(a) Percussion.—(i) Stage of Engorgement.—The normal pulmonary 
resonance is replaced by a note distinctly tympanitic in character. There 
is usually neither outspoken tympany nor outspoken dullness, but the 
note can be described best as a dull tympany. The cause of the hollow 
character of the sound is not completely established but it is likely due 
to diminished elasticity and relaxation of the lung, and, in part at least, 
to the transmission through the engorged tissue of the note from the 
trachea, bronchi and underlying relatively normal lung. 

(ii) Stage of Consolidation —The percussion note is dull. The area 
of dullness varies with the extent of the hepatization and is usually 
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greater in size than is the consolidation itself. Recognition of the fact 
that the area of dullness may be localized and small will save errors in 
diagnosis, for it will lead to careful percussion of all areas of the chest. 
It is too common an error that, although the front and back of the chest 
are carefully explored, the axillary regions are often passed over un- 
studied. The error resulting may be maximum, for when consolida- 
tion begins in the upper lobes the dullness is often first to be detected 
in the posterior axillary line or at the apex of the axilla. Then, too, in 
women exploration of the middle lobe is often totally neglected because 
carelessness or mock modesty deters the examiner from raising a 
pendant breast. Failure to examine the entire chest thoroughly often 
proves embarrassing. 

The note may be flat and a sense of increased resistance to the finger 
may suggest the presence of pleural effusion, though the absence of a 
board-like quality to the note and the accessory signs will save con- 
fusion. Lord ** described the presence of a paravertebral area of rela- 
tive resonance on the affected side in cases with extensive consolidation 
of a lower lobe, amg] this sign is often helpful in differential diagnosis. 

A narrow zone of tympany at the upper level of dullness (Skoda’s 
resonance) may be present, probably due to compression of the lung ad- 
jacent to the consolidated area. There is often a compensatory hyper- 
resonance of the uninvolved portions of the lungs. 

In central pneumonia the percussion note is often very slightly al- 
tered, sometimes entirely unchanged, and the diagnosis rests on the data 
furnished by the anamnesis, by inspection and auscultation. 

(6) Auscultation—Suppression of the breath sounds, partial or 
nearly complete, is often the first auscultatory finding in pneumonia. 
The discovery of diminished resonance, distant breath sounds and crepi- 
tant rales within a few hours of a rigor constitute strong presumptive 
evidence of a developing consolidation. 

At first, the quality of the respiratory murmur may be practically 
unaltered, but as solidification of the lung progresses, expiration be- 
comes lengthened, its pitch becomes higher and soon the breath sounds 
become more intense and outspokenly tubular in character. At the 
height of the disease they are shrill and high pitched during both in- 
spiration and expiration. If pleural thickening is marked, if there is 
excessive fibrinous pleural exudation, if the bronchi are obstructed, 
distant tubular breathing may be present throughout the course. The 
altered character and intensity of the breath sounds is due to the ready 
transmission of the sounds in the trachea and bronchi through a solid 
eonducting medium. The early suppression results from the incomplete 
infiltration of the lungs and the partial blocking of the bronchi and 
alveoli with increased secretion. 

Of the adventitious sounds, the crepitant rale, as Laennec indicated, 
is the most important. He considered it ‘‘pathognomonie of inflam- 
matory engorgement of the lung,’’ and, though it is no longer so con, 
sidered, it is suggestive and is met with only in early pneumonia, tuber- 
evlosis, atelectasis and infarct. Crepitant réles are very fine, crisp, 
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metallic, consonating, dry sounds that are heard in showers toward the 
end of inspiration. They are only slightly altered by cough and may 
readily be confused with the fine rales heard in edema or congestion 
of the lungs, and in capillary bronchitis or with a pleural friction rub. 
They are produced by the inspiratory passage of air through tenacious 
secretion at the junction of bronchiole and alveolus in the neighborhood 
of consolidation. 

This so-called ‘‘crepitatio indux’’ may come and go, and when con- 
solidation is complete disappears. The fine rales accompanying reso- 
lution, ‘‘crepitatio redux,’’ are often more moist in character. The appear- 
ance of crepitation in a new area of the lung is often indicative of the 
spread of consolidation. During the stage of resolution moist rales of all 
types and musical rhonci are heard, as the breath sounds lose their 
bronchial character and return to normal. 

The transmission of the voice sounds is also altered. During the 
stage of engorgement it is often diminished, but when consolidation is 
complete it is increased. The spoken and whispered voice sounds are 
then loudly heard, more readily distinguished than over normal lung, and 
are high pitched and blowing in character (bronchophony). These find- 
ings are better noted in proportion as hepatization approaches the sur- 
face of the lung, and in deep-seated consolidation the intensity of the 
sounds is lessened but the altered qualities are still noted. The changed 
character and increased intensity of the voice sounds is due to the trans- 
mission through solidified lung parenchyma, which is an excellent con- 
ducting medium. 

Bronchophony is more readily detected in men than in women or 
children, in the thin than in the obese. It may be absent in massive 
consolidation and 1s of lessened intensity or absent when there is pleural 
exudation. Occasionally the voice sounds have a nasal or bleating 
quality (egophony). The sound produced by cough also has a bron- 
chial quality during the stage of consolidation. 

The heart sounds are often transmitted loudly through the con- 
solidated lung. In massive pneumonia other viscera may be displaced 
downward and towards the unaffected side. 

Any or all of the foregoing signs may vary from day to day during 
the course of the disease, and during the stage of resolution a paroxysm 
of coughing may alter radically the auscultatory findings. 

Resolution is usually detected first by the appearance of crepitation, 
the elements of which are coarser and more numerous than those of 
the crepitatio indux; the bronchial character of the respiratory murmur 
gradually becomes less well defined and with the diminishing dullness 
of the percussion note, coarse, moist and musical rales become more 
numerous, though not infrequently increasing resonance may develop 
without the occurrence of crepitant or coarse rhonci. The physical 
manifestations of consolidation do not disappear at the crisis and it is 
usual that impaired resonance, distant, altered breath sounds and rales 
persist for days after convalescence has set in. In cases with so-called 
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delayed resolution or with organization of the exudate, the signs of con- 
solidation may be present for weeks or months. 

The signs of consolidation may be masked or absent when there is 
massive pneumonia, when there is obstruction of the bronchi, when 
pleural thickening or exudation is marked, and in central pneumonia. 
When the lower lobes are the site of disease the signs are usually first 
detected in the back near the hilus of the lung, and when the upper 
lobes are involved the signs may be discovered first near the apex of 
the axilla. 

It is important to realize that deviations from the normal findings 
may be noted over the uninvolved lung. Jn extensive consolidation of 
one lower lobe, tubular breathing with or without rales may be heard 
near the spine on the opposite side, and ovcasionally the percussion 
note may be less resonant than normal. These findings may be due in 
part to compensatory overaction of the unaffected lung and to altered 
pulmonary circulation. Ignorance of these facts may lead to diagnostic 
errors. 

Laboratory Findings.—BLoop.—The red corpuscles are usually nor- 
mal in number during the active stage of the disease. Instances of 
polycythemia have been recorded and it is not uncommon to find a 
moderate reduction of the number of red eells. After the crisis there 
is nearly always a decrease of 250,000 to 500,000 erythrocytes, and occa- 
sionally a moderate red-cell anemia develops. The cyanosis and the 
concentration of the blood during the febrile stage of pneumonia may 
be responsible for an apparent increase in the number of red corpuscles 
of may conceal the presence of a moderate anemia. According to Emer- 
son, nucleated red cells, both normoblasts and megaloblasts, are more 
commonly found in pneumonia than in other acute fevers. The hemo- 
globin content is generally normal during the course, but with the crisis 
it usually shows a reduction more marked than that of the red cells 
leading to the blood picture of a mild or moderate secondary anemia. 

The white corpuscles are increased from the onset and usually within 
a few hours of the initial chill leukocytosis is marked.**-*7 The count 
generally continues at a nearly constant level, with only slight increase 
or decrease, and does not show variations with the rise or fall of the 
temperature. An abrupt decrease in the number of leukocytes does not 
occur with defervescence at the time of the crisis, but their number falls 
more gradually and reaches normal from one to several days later. The 
diminution of the number of leukocytes may begin before, during or just 
after the crisis, and the continuance of a high count—especially if ac- 
companied by a persistently high percentage of polymorphonuclear cells 
—suggests the presence of a complication, especially empyema or otitis 
media. A persistent leukocytosis with a diminishing percentage of poly- 
morphonuclear cells and a proportional increase in the number of 
lymphocytes and eosinophils may indicate delayed resolution or, after 
serum treatment, serum sickness. In the cases with defervescence by 
lysis the decrease in the leukocytes is retarded. 

Chatard,** in an analysis of 582 cases at the Johns Hopkins Hospital, 


SYMPTOMATOLOGY 31 


found that more than half of the patients (350) had a leukocytosis of 
between 15,000 and 35,000, and nearly one-third (about 198) between 
20,000 and 30,000. ‘“‘The mortality is high when the leukocytes are 
below 10,000 per cu.mm., but steadily decreases and is lowest when the 
leukocytes are between 20,000 and 30,000. Between 30,000 and 60,000 
the mortality is higher but remains at a fairly constant line: above 
60,000, however, there is a decided rise in the mortality.”’ 

Analysis of 463 cases of pneumonia at the Hospital of the Rocke. 
feller Institute and of 182 selected cases at the Minneapolis City Hos- 
pital *® showed the same high mortality when the leukocytes were below 
10,000 per cu.mm. and there was a similar progressive decrease in mor- 
tality with increasing leukocyte counts. 

A leukocytosis of less than 10,000 per cu.mm. may indicate a very 
mild attack, a very severe infection with poor reaction, or the presence 
of a complicating infection, such as typhoid or malarial fever. The 
lowest count seen by the writer in lobar pneumonia was 900 leukocytes 
per cu.mm., and in this patient anatomical examination showed, in addi- 
tion to the pulmonary condition, the intestinal lesions of typhoid fever. 
A persistently low leukocyte count 1s usually an unfavorable sign. 

An average leukocytosis usually indicates a good reaction, and a 
gradual rise in the leukocyte count during the course of pneumonia is 
usually a favorable sign. A leukocyte count above 40,000 per cu.mm. 
may be of good omen but more often indicates the development of a 
complication. At best a very high count is a sign of doubtful prognostic 
value, for ‘‘it means that the patient is making a vigorous fight but gives 
no hint as to which will win, he or the infection.’’ 

The most marked leukocytic reactions are seen in males below the 
age of thirty and when there are complications. 

(a) Differential Count —The leukocytosis is generally due to a rela- 
tive and an absolute increase in the number of the polymorphonuclear 
neutrophile cells. They average about 80 per cent. of the white cor- 
puscles, though they may constitute 90 per cent. of them, and the lympho- 
cytes vary inversely as the polvmorphonuclear elements. The day before 
crisis there is often a rise in the number of cells and immature forms 
may appear in the circulation. During and after the crisis they dimin- 
ish in number and continuing to fall after defervescence is established, 
may decline to a low level. The staining reactions and the condition of 
the leukocytes are said to be an indication of the condition of the patient, 
and predominance of degeneration forms, with poorly staining nuclei 
and cytoplasm, has been considered an unfavorable sign. 

The eosinophils during the course of the disease are decreased or 
even absent, but after crisis they may rise to normal or even slightly 
above normal. Myelocytes are often present, especially after crisis, 
and may constitute as high as 12 per cent. of the white cells (Emerson). 
The large mononuclear and transitional cells show no constant varia- 
tions. The platelets are often decreased during the course of an attack 
but are increased after the crisis. 

The leukocyte count is of considerable diagnostic aid, especially in 
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doubtful eases. The presence of leukocytosis helps exclude an uncom- 
plicated typhoid or malarial fever, influenza and tuberculosis (except 
the miliary and meningeal types), and a leukocytosis in the aged or 
very young, with the evidence of an infection without localizing signs, 
should arouse the suspicion of a developing pneumonia. 

(b) Coagulation Time.—The coagulation time in pneumonia has been 
the subject of much discussion. The formerly accepted view recently 
championed by Anders and Meeker,* that the coagulation time is shorter 
than normal during the active stage of the disease and returns to normal 
after the crisis, is no longer tenable. The observations of Dochez,*? 
confirmed by Minot and Lee,®? definitely establish the fact that the 
coagulation time is prolonged before the crisis and is normal after it. 

The results obtained by Anders and Meeker and by others who report 
like findings have been explained by the fact that they employed the old 
clinical method of drawing blood through a puncture of the ear or finger. 
When blood is obtained thus, tissue juice 1s added to it and accelerates 
coagulation. True records of coagulation time, however, can be made 
only when no factors of clotting are introduced; and when blood is 
drawn by venapuneture this condition is met. When this method is 
used, a shortening of the coagulation time in pneumonia is never found, 
though a delay may be noted, especially in very ill patients. The short- 
ening may be due to the increased circulating fibrinogen and the delay 
accounted for by an increase in antithrombin. The increased fibrinogen 
and antithrombin content of the blood is ascribed to changes in the liver 
induced by the action of the pneumococcus. 

(c) Oxygen Content of the Blood.—In uncomplicated pneumonia 
the oxygen content of the peripheral venous blood is within normal 
limits and the differences noted in the febrile and afebrile periods do 
not exceed those found in health (Peabody **). There is no definite 
relation between either temperature or respiration and the oxygen con- 
tent; except in the acute stage of the disease the normal oxygen level is 
associated with an accelerated respiratory rate. Because of tachypnea 
and perhaps because of a more rapid circulation, the organism com- 
pensates for the decreased respiratory surface due to pulmonary exu- 
dation. Occasionally, in uncomplicated pneumonia, a decreased oxygen 
content of the blood 1s associated with an increased carbon dioxid 
content, probably the result of an interference with the respiratory 
exchange of gases. 

‘In the terminal stage of the fatal cases of pneumonia in which 
death does not occur with great suddenness, there is often a progres- 
sive diminution in the oxygen content of the blood. Synchronous with 
this 1s a progressive decrease in the oxygen-combining capacity of 
the blood. These changes are usually seen in patients in whom an 
intense bacteriemia has developed and are analogous to those found 
in the arterial blood of infected rabbits, and to those resulting from 
the growth of the pueumococeus in blood in vitro. In all three con- 
ditions there is probably a change of oxyhemoglobin to methemo- 
globin. This change of the hemoglobin molecule, so that it no longer 
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takes up and gives off oxygen readily, is probably a factor in the imme- 
diate cause of death in many cases of pneumonia.”’ ** 

The carbon dioxid content of the blood is regularly diminished during 
the febrile period. In exceptional instances it may be normal or in- 
creased and it has been found so in association with low oxygen content 
of the venous blood. It tends to be lowest in the very severe cases and 
in the terminal stages of the disease, and is less altered in the mild 
and abortive cases. This diminution of the carbon dioxid content of 
the blood parallels other manifestations of metabolic disturbances and 
may be most marked after defervescence.** It bears no relation to the 
excretion of chlorids, but corresponds to the output of ammonia in the 
urine. 

(d) Blood Cultwres.—Bacteriological studies of the blood in pneu- 
monia give data of prime importance for accurate diagnosis and for 
serum treatment. The earlier reports on the incidence of bacteriemia 
in this disease record discordant findings, but more recent evidence dem- 
onstrates that the occurrence of a blood invasion is an index of a severe 
infection and a grave prognostic sign. The observations of Dochez* in 
448 cases are typical. In 136 cases with positive blood cultures the mor- 
tality was 55.8 per cent., whereas in 312 cases with negative blood cul. 
tures the death rate was 8.3 per cent. 

The type of pneumococcus present in the circulation is a determining 
factor in prognosis. Statistics show that, with the exception of infec- 
tions due to Type I pneumococcus, in the treatment of which specific 
serum is efficacious, the more virulent the type of pneumococcus ob- 
tained from the blood, the less favorable is the outlook for recovery ; 
and the greater the number of colomies that develop from 1.0 c.c. of 
blood, the graver is the prognosis. In brief, a pneumococcus bacterie- 
mia is always a grave condition and the gravity of its significance varies 
directly with the number and the virulence of the circulating organisms. 

Technic of Blood Culture.—Under aseptic conditions, from 15 to 20 
e.c. of blood are obtained by venapuncture, usually from a vein in the 
antecubital fossa. The skin is most readily cleaned with tincture of 
iodin; the syringe is sterilized by boiling for fifteen minutes in a cov- 
ered container, by heating in the autoclave or in a dry oven. A tour- 
niquet, tightly applied proximal to the site of puncture, makes aspira- 
tion easier, and it is well to remember that oftentimes when a satisfac- 
tory vein is not visible, palpation may discover the presence of a suitable 
one. In the very obese it may be necessary to cut down upon a vein. 
When a puncture is unsuccessful, or when a hematoma is produced, it 
is well to withdraw the needle at once and to try another vein. 

The blood obtained is immediately added to the culture media. It is 
the writer’s practice to add 10 c.c. to a flask containing from 100 to 150 
e.c. of glucose broth and to incubate it immediately. Varying amounts 
are added to tubes of agar melted and cooled to 45° C., and plates of the 
blood-agar mixture are made. 

Growth in the broth is evidenced by diffuse turbidity. Growth on 


the blood-agar plates is shown by the development of colonies of pneu- 
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mococei which appear as small dots surrounded by a green halo of 
methemoglobin. Organisms developing in the media are identified as 
pneumococci by the tests described under Bacteriology (pp. 4-8). 

URINE.—The urine has the general characteristics noted in febrile 
diseases. It is scanty, of high color, increased specific gravity, contains 
a trace of albumin and often a few casts. 

The output during the active period of the disease may be less than 
half the normal, but retention is not so common as in typhoid fever and 
anuria oceurs only with a complicating nephritis. <A postcritical diuresis 
is frequent. The deep color is due to increased excretion of urobilin and 
to concentration. 

The urinary acidity, often increased during the febrile period, may 
be diminished after defervescence when the urine may be alkaline, per- 
haps due to absorption of alkali from the resolving exudate.°® Palmer °’ 
has demonstrated the excretion of considerable quantities of an organic 
acid during the fastigium of many cases of pneumonia and Medigre- 
ceanu,*® an increased output of glycuronie acid in the febrile period. 

The urinary nitrogen is increased during resolution and more nitro- 
gen is excreted than can be accounted for by the original quantity of 
exudate in the involved lung. A similar excessive excretion of nitro- 
gen occurs in cases with delayed resolution and is evidence that this 
condition is one of continuing consolidation and resorption rather than 
one of retarded resolution.®® 

The diazo-reaction is often present but disappears with the onset 
of diuresis and is of no significance. 

Albuminuria is generally present before crisis and may persist 
into convalescence. In Chatard’s © series albumin was present in 77.6 
per cent. of the cases; there was none in 16.8 per cent.; a faint trace 
in 16.2 per cent.; a trace in 68.8 per cent.; and a heavy trace in 15 per 
eent. There was an associated cylindruria in 25.2 per cent. of the 
eases. The albumin is usually present only as a trace. Deutero-al- 
bumose ® and peptone * have also been demonstrated in the urine and 
acetone and diacetic acid are occasionally found. 

The excretion of chlorids is partially or completely suppressed more 
often in pneumonia than in any other febrile disease. After crisis the 
output rapidly returns to normal. Chatard, in a study of the urine 
of 103 patients, found in 00.4 per cent. less than 1 gram per liter; in 
31 per cent., less than 2 grams; in 12.6 per cent., less than 5 grams; in 
3.8 per cent., less than 10 grams; and in 1.9 per cent., less than 15 grams. 
Complete suppression of chlorids is frequent. 

The retention is often attributed to the storing of chlorids in the 
pneumonic exudate, but the experimental studies of Medigreceanu ° 
and the clinical observations of Peabody ® indicate this is only one factor 
and of itself incapable of causing so marked a retention. Peabody noted 
that though there is a storing of chlorin, sodium and calcium, potassium 
and magnesium are excreted normally or in excess; that during the 
period of retention the chlorin content of the blood is less than normal, 
and concluded that ‘‘since no organ or organs have been shown to store 
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up large quantities of the retained substances it is probable that they 
are spread diffusely throughout the body.’’ That this retention is not 
dependent upon a renal lesion is evidenced by the normal excretion of 
magnesium. 

The loss of nitrogen and sulphur runs more or less parallel and is 
less marked in mild cases.** The relative desamidating capacity of the 
body is comparable to that in health, and the ability to oxidize the 
eystin group is normal or increased. During the febrile period creatinin 
is eliminated in excess, and during convalescence the output is less than 
normal. At the height of severe cases of pneumonia creatin may appear 
in the urine, to disappear during convalescence. In fatal cases it may 
be voided until death and may equal the creatinin in amount. During 
hyperpyrexia—especially in very toxic cases—large amounts of unde- 
termined nitrogen may be excreted. 

Dochez and Avery *%* have demonstrated in the urine of patients 
with pneumonia a specific soluble substance that gives a precipitin 
reaction with antipneumococeus serum corresponding in type to the 
organism with which the individual is infected. This substance has 
been found in the urine of more than half the patients studied. It may 
be detected as early as twelve hours after the initial chill; it may not 
appear until a later stage of the disease and, occasionally, it is excreted 
after recovery has occurred. Its persistence after convalescence may 
indicate delayed resolution. It is generally found when a pneumococ- 
cus sepsis exists, and the amount of precipitable substance in the urine 
seems to be an index of the severity of the disease. This specific precipi- 
tin test is of diagnostic and prognostic value, and since the type of 
pneumococcus responsible for a given infection can be determined by 
its utilization, 1t points the way for specific therapy. 

SputuM.—Sputum Cultures.——Sputum cultures are of especial value 
in the study of lobar pneumonia when circumstances render the taking 
of a culture of the blood impracticable, or when blood cultures are 
sterile. 

The isolation of the pneumococcus from sputum offers a rapid means 
of identifying the strain of the organism responsible for the infection. 
Care should be exercised to obtain a specimen from the deeper air pas- 
sages and as free as possible from saliva. It is collected in a sterile 
container and sent at once to the laboratory for staining, culture and 
inoculation into mice. 

In children from whom sputum cannot be obtained in the ordinary 
way, a curved sterile swab inserted into the pharynx will provoke a 
paroxysm of coughing and the sputum that is raised will often adhere 
to it, and from this cultures may be made. 
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The diagnosis of a typical case of lobar pneumonia is seldom diffi- 
cult. The sudden onset of illness with a shaking rigor, fever, rapid 
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shallow respiration and thoracic pain is suggestive. The presence of 
cough, tenacious rusty sputum, tachycardia, herpes and leukocytosis 
is corroborative evidence, and when, in addition to the foregoing, there 
are localized signs of pulmonary consolidation and suppression of the 
urinary chlorids the diagnosis is sure. Clinically, the disease has been 
established as lobar pneumonia, but the etiological diagnosis is not 
certain until the demonstration of the pneumococcus in blood cultures 
or sputum, or of the specific precipitable substance in the urine has 
been made. 

Differential Diagnosis.—But lobar pneumonia may not always present 
so typical a picture, and it may tax diagnostic skill to differentiate it, 
promptly and certainly, from other conditions. In every case of fever of 
doubtful origin, repeated careful examinations of the lungs are indi- 
cated. This is especially true in childhood and in old age. 

AcuTtE TUBERCULOUS PNEUMONIA.—<Acute tuberculous pneumonia 
may have as abrupt an onset as lobar pneumonia, and may be character- 
ized by all the signs enumerated above, but the history of intimate ex- 
posure to tuberculosis—especially in childhood—of an idiopathic pleurisy 
or of hemoptysis, chronic cough, easy fatigability and loss of weight, 
the presence of old tuberculous infection of the glands, ete., may sug- 
gest the correct diagnosis. When these features are lacking, an irregu- 
larly remittent or intermittent fever, failure to defervesce within the 
ordinarily expected time, and especially when the consolidation is lo- 
calized in an apex or in an upper lobe, are very suggestive. Further, in 
tuberculous pneumonia the constitutional symptoms are often less 
marked, hemoptysis is more common, the sputum less viscid and more 
purulent, leukocytosis less striking, cyanosis more intense and emacia- 
tion more rapid. Finally, careful and repeated examinations will often 
demonstrate the presence of tubercle bacilli in the sputum. 

BRONCHOPNEUMONIA.—Bronchopneumonia may cause confusion when 
it leads to pseudo-lobar consolidation of the lung: and at times differen- 
tial diagnosis may be impossible. The greater frequency of lobular 
consolidation in infants and in the aged, its more common occurrence 
as a complication of or sequel to other diseases, its insidious onset, 
more circumscribed distribution and the greater incidence of termina- 
tion by lysis are differential points. 

PLEURAL EFFusIONS.—Pleural effusions may be mistaken for lobar 
pneumonia and vice versa. The limited expansion, the displacement of 
other viscera, the diminution or absence of vocal fremitus, the board- 
like flatness on percussion and the suppression of respiratory murmur 
and voice sounds, even the paravertebral triangle of dullness on the 
unaffected side, may be found in massive pneumonia. On the other 
hand, the compression of lung tissue adjacent to pleural effusions may 
give the signs of consolidation. 

The history of a gradual onset of symptoms, the absence of a chill 
and of blood-stained sputum speak in favor of effusion in equivocal cases, 
and the demonstration of displacement of the heart to the unaffected 
side, of wooden flatness and Grocco’s triangle on percussion, suppressed 
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breathing and absence of rales on auscultation are points against the 
diagnosis of pneumonia. It cannot be too strongly emphasized that 
whenever doubt exists as to the presence of a pleural effusion explora- 
tory paracentesis of the thorax is urgently indicated. A syringe and 
needle suitable for thoracic tapping should be part of the equipment of 
every good clinician. Further, a roentgenogram gives decisive differ- 
ential data. 

INTERLOBAR EMPYEMA.—This condition may give all the signs of con- 
solidation of lung tissue and may be confused with pneumonia, delayed 
resolution and tuberculosis. The reappearance of fever after defer- 
vescence, of sweats, chilliness, anemia, prostration and the develop- 
ment of clubbed fingers and leukocytosis usually point the way to a 
eorrect conclusion, or exploratory paracentesis or roentgenoscopy may 
discover the condition. 

INFARCTION OF THE LUNG.—Infarction of the lung may closely simu- 
late lobar pneumonia. The history may be identical and but for the 
detection of conditions that may lead to embolism, differentiation may 
be impossible. The sudden onset of thoracie pain, cough with bloody 
sputum, dyspnea, cyanosis, fever, etc., point rather to infarction when 
they develop in patients with acute or chronic endocarditis, peripheral 
thrombosis, sepsis of puerperal or of other origin, sinus thrombosis, fol- 
lowing crushing injuries, ete. In infarction, chill, rapid rise of fever 
and defervescence by crisis are Jess common than in pneumonia, and 
the sputum contains bright red blood and fewer bacteria. Blood and 
sputum cultures are helpful diagnostic aids in doubtful eases. 

ATELECTASIS.—Atelectasis may present signs difficult to differentiate 
from those of pneumonia, though the dullness due to it is less constantly 
associated with intense tubular respiration; and further, the percus- 
sion changes are modified and may even approach normal, following a 
number of deep inspiratory efforts. 

NON-TUBERCULOUS BasaL INFECTIONS.—These offer little difficulty 
and are differentiated from lobar pneumonia by the history, mode of 
onset, slight constitutional symptoms, purulent sputum and protracted 
course. 

OTHER DISEASES OF THE PLEURA AND LUNGS are rarely difficult to ex- 
elude. Tumors of the pleura, tumors and cysts of the lung, and chronic 
passive congestion of the lungs occasionally present signs similar to those 
due to pneumonic consolidation, but the history and accessory diagnostic 
aids will usually establish their true nature. 

Central pneumonia may be overlooked for several days. 

TypHomw FEvER.—Pneumonia should rarely be confused with typhoid 
fever, though occasionally some difficulty may arise. The history of 
sudden onset with chill and thoracic pain, the presence of herpes, tachy- 
cardia, and especially of accelerated, shallow respiration, the leukocy- 
tosis and the suppression of the urinary chlorids exclude typhoid fever 
even before signs of consolidation of the lung develop. 

INFLUENZA.—Influenza can usually be excluded by a history of ex- 
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posure to contagion, by the greater prostration, green sputum, different 
course and by the results of laboratory investigation. 

MENINGITIS.—Meningitis may be wrongly diagnosed in uncomplicated 
pheumonia attended at onset by marked cerebral symptoms or when 
there is meningismus, and examination of the spinal fluid may be 
the only means of differentiation. This is especially true in childhood, 
and in adults in whom the development of the signs of pulmonary con- 
solidation are delayed. 

AcUTE ABDOMINAL DiISEASES.—Reference has already been made to 
the difficulties of diagnosis that may arise when acute abdominal] pain is 
a striking feature at the onset or early in the course of pneumonia. The 
character of the pain, its localization, its association with rigidity of the 
abdominal muscles, distention of the abdomen, nausea, vomiting, fever, 
and leukocytosis may give rise to the suspicion of peritonitis. Acute 
appendicitis, perforated gastric ulcer, intestinal perforation, cholecysti- 
tis, pancreatitis, even pelvic inflammatory disease may be closely simu- 
lated. Differential diagnosis rests upon careful examination of the 
thorax, laboratory studies and the detection of true spasm of the ab- 
dominal muscles no less than upon an accurate knowledge of the symp- 
toms and signs of disease of the abdominal viscera, vessels and serous 
lining. 

X-ray Examination— As an accessory to the ordinary methods of 
physical diagnosis and occasionally as the direct means of establishing 
the presence of a suspected but undiscovered pneumonic consolidation 
the x-ray is of great value. Roentgenography is more useful than fluoro- 
scopy in so far as it gives a permanent record and the opportunity to 
study the evolution of a given lesion. By means of the x-ray the exact 
location and extent of the inflammation can be determined and the de- 
velopment of effusion in the pleural sacs may be disclosed before it is 
of sufficient size to give diagnostic signs. 

The shadow cast by pneumonie consolidation 1s less dense than that 
caused by pleural exudation or by neoplasm of the pleura or lung, and 
it is less uniform. As a rule, in the depth of the shadow, or more usually 
near its periphery, there is a diffuse, uneven mottling and the margins 
of the shadow are irregular, hazy and ill-defined. Roentgenographic 
studies ®’ indicate that the consolidation in lobar pneumonia begins as 
a conical or triangular area of solidification with its base near the pleural 
surface of the lung and spreads towards the hilus. Often the infiltration 
does not reach the hilus and this may explain the absence of tubular 
breathing and bronchophony in some cases, as a central localization of 
the lesion may in others. 

The onset of resolution can often be detected roentgenographically 
before the clinical course or physical signs give evidence of its occur- 
rence and the x-ray has shown that resolution usually starts in the depth 
of the exudate, spreading irregularly from one or several points near 
the hilus of the lung towards the periphery. Marked changes in the 
shadow may occur within the course of a day and the picture of a normal 
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lung may not be obtained until some time after convalescence has been 
established. 

Pleural effusion is distinguished roentgenographically from pneu- 
monia by the following differences: the shadow is denser and more uni- 
form; its outlines are more sharply defined and the upper limit is often 
curved; depression of the diaphragm, displacement of the cardiovas- 
cular stripe and a basal localization with obliteration of the complemental 
Space are more often seen in the plates of pleural effusion. 

In encapsulated exudates and when the collection is interlobar the 
uniform dense shadow, its clearly demarcated borders and anatomic posi- 
tion are diagnostic. 

The z-ray findings in thickened pleura are often confusing, but the 
uniform hazing without mottling and the more even paling of the shadow 
at its borders help to differentiate them from those in lobar pneumonia. 
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Respiratory System —PLEuRISY is so usual an occurrence in the 
eourse of lobar pneumonia that it can scarcely be termed a complica- 
tion. In practically every case in which the consolidation reaches the 
periphery of the lung a fibrinous pleurisy develops. CQccasionally, the 
plastic exudate is of unusual thickness and extent, modifying the physical 
signs of the consolidation and leading subsequently to the development 
of adhesions. Though generally limited in area to the site of the pneu- 
monia, it may be more extensive and occasionally occurs on the unin- 
volved side with resultant difficulty in diagnosis. Signs of plastic 
pleurisy were found in the series reported by Chatard in 51.2 per 
cent., but the incidence is undoubtedly greater than this figure indicates. 

The presence of fibrinous pleurisy is evidenced by characteristic 
thoracic pain, limited mobility of the affected side and by the presence 
of a friction rub. The last may be transitory and is readily confused 
with intrapulmonary erepitation. It is a point of practical importance 
that the sudden disappearance of pleural pain and pleural friction 
may indicate the accumulation of fluid as well as a subsidence of pleu- 
ritis. 

Small serous effusions are of common occurrence and were found 
by Lord ® in 37 per cent. of 154 autopsies. Serous effusions sufficiently 
large to be detected clinically, 1.e., 400 c.c. or more, are rare. 

EMPYEMA must be looked upon as a possible complication in every 
ease of lobar pneumonia. Musser and Norris ® found it in 2.2 per cent. 
of 13,550 clinical cases and in 5.1 per cent. of 973 autopsies. McCrae 7° 
found it in 3.6 per cent. of 805 cases at the Johns Hopkins Hospital. 
The incidence of empyema as a complication varies greatly from year 
to year. It is common in childhood, occurs more frequently in the negro 
than in the white race, and is slightly more frequent in cases of pneu- 
monia following trauma of the chest wall. 

Empyema is a complication rather than a sequel of pneumonia, as 
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evidenced by the persistence of the fever after the pneumonia has cleared, 
and by its occurrence during the active stage of the disease. It is more 
common after a severe attack and especially when more than one lobe 
is diseased. Its presence is usually first manifest during the stage of 
resolution. 

The organism responsible for its production is either the pneumo- 
coceus or the Streptococcus hemolyticus. According to Ewart, in chil- 
dren empyema is due to the pneumococcus in 75 per cent. and to Strepto- 
coccus hemolyticus in 25 per cent., whereas in adults the reverse is true. 

In the series of 22 cases collected by McCrae,” the former was found 
in 20, the latter in 2. In the pus of empyema cases Lord found the 
pneumococeus in 39.4 per cent., the streptococcus in 20.4 per cent., 
staphylococci in 3.6 per cent., mixed infections in 16 per cent., and in 
18.2 per cent. the cultures were sterile. Failure to obtain bacterial growth 
in cultures of the pus of empyema may indicate that the causal organism 
has died or that the exudate is tuberculous. 

The mode of onset of empyema cannot be accurately studied, as it 
may be masked by the symptoms of the pneumonia. In parapneumonic 
empyema ”? the only signs may be increased dullness on percussion, an 
increased leukocytosis and sweats. In metapneumonic empyema, which 
is far the more common type, the most suggestive symptom is the per- 
sistence of fever. In McCrae’s series of 29 cases, in 21, after the pneu- 
monia had subsided, the temperature did not become normal; it reached 
normal for a brief interval in 4 cases, remained normal for less than 
twenty-four hours in 2 cases, for twenty-four hours in 1 case, and for 
three days in 1 case. The fever during the course of the empyema, 
though usually very irregular and often intermittent, at times may be 
continuous. The pulse is rapid and tachycardia may be the most striking 
clinical symptom. In a small percentage of the cases the rate is normal 
or only slightly increased. 

The respirations are more constantly increased in frequency, varying 
between 20 and 36 per minute, are shallow and often labored. 

Cyanosis may be present, but more characteristically there is progres- 
sively increasing pallor with a sallow tint to the skin. Sweats and 
occasionally chills, rapid loss of weight and discomfort due to pain 
or dyspnea are usual. Clubbing of the fingers and toes may develop 
rapidly. 

There is an outspoken leukocytosis of the polymorphonuclear variety 
more marked than during the course of the pneumonia, and averaging 
between 20,000 and 30,000. The development or reappearance of such 
a leukocytosis after a critical defervescence is a very suggestive sign. 

The physical signs are those of a pleural effusion. Inspection is of 
little aid in diagnosis. The limited expansion of the involved side may 
be interpreted as due to the pneumonic process itself, and bulging of 
the interspaces should not be waited for. Palpation with auscultation 
gives the most helpful data. The vocal fremitus, classically absent 
when there is fluid in the pleural sac, may be retained in metapneumonic 
empyema, perhaps due to the presence of consolidated lung tissue be- 
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hind the exudate, perhaps as a result of the tension of the exudate itself, 
In some instances the absence of vocal fremitus may decide in favor of 
pleural exudation and against pulmonary consolidation. Percussion may 
show very little change from that noted during the pneumonia, but more 
often the note is duller and characteristically it is flat. The complete 
absence of resonance due to pleural exudation is associated with a sense 
of wooden resistance to the pleximeter finger, so typical that it warrants 
exploration, even when it is the only suggestive sign of fluid. A band 
of Skodaic tympany may be present at the upper level of flatness, but 
dullness shifting with change of posture has never been seen by the writer 
in empyema without pneumothorax. Oecasionally, the anterior limit 
of altered percussion note is determined as a sharp vertical line in the 
axilla (encapsulated empyema). In interlobar empyema the signs may 
be outlined along the course of the lung fissures. Auscultation discloses 
marked changes in the breath sounds and in the transmission of the 
voice. The respiratory murmur may be completely suppressed or more 
often it may be faintly heard, usually with a distinctly tubular modifi- 
cation. The change in the breath sounds over closely adjoining areas 
may be suggestive. The voice sounds are characteristically altered above 
the level of the fluid and generally have a curious high-pitched nasal 
quality that is difficult to describe (egophony). 

The early recognition of an empyema is of maximum importance, for 
the outlook is good when a prompt diagnosis is made and efficient treat- 
ment is instituted early. Recognition of the fact that no physical sign 
is constantly present, and the willingness to explore the chest with an 
aspirating needle whenever the symptoms and some of the signs are noted 
will save many a life and lead to restoration of the function of many a 
lung. 

The prognosis of empyema is about the same as that of pneumonia 
itself. Pericarditis and endocarditis occur more often when empyema 
develops than in uncomplicated pneumonia. 

The exudate is generally odorless, thick, creamy pus consisting mainly 
of polymorphonuclear leukocytes. Mononuclear and endothelial cells 
are present in relatively small numbers. Pneumococei living and dead 
may be found both intracellularly and extracellularly. 

The empyema may rupture into the lung, a bronchus, the pericardium 
or, exceptionally, through the thoracic wall. Very rarely aspiration 
may be followed by absorption of the exudate, but as a rule thoracotomy 
with resection of one or more ribs is necessary. 

The diagnosis of the rupture of empyema into a bronchus is sug- 
gested whenever, after a pneumonia, the patient suddenly expectorates 
a large quantity of purulent material and at the same time his symp- 
toms lessen or disappear, the physical signs become less abnormal, the 
fever falls and the leukocytes diminish in number. 

Encapsulated interlobar empyema may escape detection or be dis- 
covered with great difficulty. Whenever there is persistent fever, tachy- 
eardia and leukocytosis following an attack of pneumonia, especially if 
there are also pallor and sweats, the condition should be suspected even 
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though physical signs do not indicate a pleural exudation. Repeated 
needling of the chest along the line of the interlobar fissures of the dis- 
eased side may establish the diagnosis or it may be located by the use 
of the z-ray (q.v.). 

Encapsulated interlobar empyema may rupture into a bronchus and 
a localized pyopneumothorax may result. The writer has seen one such 
case in which the suspicion of its occurrence was strengthened by the 
demonstration of flatness that shifted along the line of the fissure with 
change in position. 

PNEUMOTHORAX is a very rare occurrence and has been noted most 
often when an empyema has ruptured into a bronchus. 

BRONCHITIS is extremely common at onset and may last throughout 
an attack. Purulent or membranous tracheitis is a rare event. 

EPISTAXIS may occur as the initial symptom of pneumonia and may 
recur from time to time throughout the course of the disease. It is 
usually of no moment except in the aged or when it is a manifestation 
of a hemorrhagic tendency in the cases of pneumococcus septicemia. 

LARYNGITIS may be present before or occur during pneumonia. Edema 
of the larynx and suppurative perichondritis of the larynx occur, but 
fortunately they are very rare. 

ABSCESS OF THE LUNG jis an infrequent complication. It was noted 
clinically in 76 of the 12,030 cases collected by Musser and Norris, and 
in 9 of 658 cases analyzed by McCrae at the Johns Hopkins Hospital. 
Lobar pneumonia is the most frequent single cause of abscess of the 
lung, and in 50 cases at the Massachusetts General Hospital 14 cases 
could be attributed to it. 

There may be a single large abscess but multiple small ones occur 
more commonly. The abscesses generally form near the periphery of 
the lung, are irregular in contour and may have a limiting membrane, 
though more often the boundary is indefinite and consists of necrotic 
tissue. The contents may be evacuated through a bronchus or the ab- 
scess may rupture into the pleura, pericardium or the esophagus. 

Clinically, abscess is often confused with empyema and delayed reso- 
lution. Its onset is insidious, its course not characteristic. 

Irregular protracted fever, sometimes with chills, persistent leukocy- 
tosis and pallor, loss of weight, cough that is moderately productive or 
that may lead suddenly to the expectoration of a large quantity of 
purulent secretion are the classical symptoms. The cough and expecto- 
ration may be influenced much by change in posture. The physical signs 
are those of consolidation, and after a large quantity of sputum has 
been raised the signs of cavity may be detected. The sputum, first tena- 
cious, then mucopurulent, later purulent, varies in quantity up to sev- 
eral hundred cubic centimeters daily. Yellow or greenish at first, it is 
later often blood-containing, and sometimes foul. After standing it 
separates into three layers. Microscopically, pus cells, detritus, epi- 
thelial cells, crystals and more characteristically, particles or masses of 
lung tissue and elastic fibers are found. 

After an attack of pneumonia, exacerbation of fever with leukocy- 
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tosis, absence of the signs of resolution and the expectoration of large 
amounts of purulent sputum suggest an empyema that has ruptured 
into a bronchus or a pulmonary abscess. Frequently examination of 
the sputum will differentiate between them or recourse must be had 
to the x-ray. 

GANGRENE OF THE LUNG is a rare sequel of pneumonia and is most 
common in the aged. It may begin in a pulmonary abscess or start in 
an old tuberculous lesion. It was found in 0.49 per cent. of 27,761 cases 
collected by Musser and Norris and, together with pulmonary abscess, 
in 0.4 per cent. of 500 cases studied by Lord. Like abscess, gangrene 
is often overlooked clinically. The symptoms and signs closely resemble 
those of abscess but the constitutional symptoms are more marked and 
the sputum more foul. The latter is generally outspokenly fetid. It is 
thin, brownish, often chocolate-colored, due to altered blood. Micro- 
scopically few red corpuscles are found. Elastic tissue is less abundant 
and Dittrich’s plugs are more abundant than in the sputum from ab. 
SCCSS. 

Gangrene of the lung may lead to the development of empyema 
or pyopneumothorax and to the formation of cavity. Death from ab- 
scess or gangrene of the lung may result from intoxication, suffocation, 
collapse or cerebral abscess. 

DELAYED RESOLUTION.—The clearing of the exudate in pneumonia is 
brought about through a process of autolysis. Some of the exudate is 
removed by expectoration but the major portion of it undergoes diges- 
tion by autolytic enzymes liberated by the leukocytes. In a variable 
period of time resolution is complete, and often within a week or two 
the physical signs of consolidation have disappeared and clinically the 
lung is restored to its normal state. 

In some cases resolution may not proceed in this way, but its onset 
is delayed or its course is protracted.”* Delayed resolution occurs in 
from 3 to 5 per cent. of all cases.7* It occurs more often in men than 
in women, in negroes than in whites, in pneumonia of the lower lobes, 
in the aged, the debilitated and in alcoholics. In the latter it may cause 
death from gradual or sudden cardiac failure. 

Signs of consolidation may persist as long as ten or twelve weeks 
and yet the lung may clear. 

A febrile crisis may occur and the subjective symptoms subside, 
but the local signs of consolidation persist, to regress very gradually. 
over a period of days or weeks. There may be a lysis and gradual sub; 
sidence of symptoms but consolidation of the lung associated with irregu- 
lar fever and sweats may persist. Finally, the fever may remain elevated, 
and the symptoms and signs fail to disappear, until the patient dies 
from exhaustion. 

The condition is most often confused with pulmonary tuberculosis, 
interlobar empyema, pleural effusion and pulmonary abscess. 

SUBPHRENIC ABSCESS is a very rare complication and deserves mention 
mainly because it is apt to be confused with empyema. It is probably 
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the result of infection by direct extension through the diaphragm and 
not a metastatic process. 

MEDIASTINITIS AND BRONCHIAL LYMPH GLANDS SUFFICIENTLY ENLARGED 
TO CAUSE SYMPTOMS OF PRESSURE have been described in pneumonia. Both 
are extremely rare happenings and of little clinical interest. 

Cardiovascular System.—The cardiac complications of pneumonia 
are of cardinal importance, not alone because of their influence on the 
immediate prognosis but because of the permanent changes they may 
cause. 

PERICARDITIS is the most frequent cardiac complication of pneumo- 
nia and occurs more often than bedside observations indicate. Collected 
statistics show a clinical incidence of 1.5-2.5 per cent., whereas accord- 
ing to postmortem studies it is found in 10 to 15 per cent. of the fatal 
eases. It develops most commonly in young adults and is not rare in 
terminal pneumonia. 

Pericarditis develops at the height of the disease, and because of its 
insidious onset is usually not detected. Because of the frequency with 
which it occurs when there is consolidation of the left lung it has been 
thought the result of infection by direct extension; but the studies of 
Chatard,’> of Sears and Larrabee,"® and others indicate it 1s generally 
of metastatic origin. The incidence varies with different epidemics. 
Usually of the fibrinous type, effusion occasionally develops but it is 
rarely of sufficient size to require paracentesis. Purulent pericarditis 
demands prompt surgical intervention. 

The diagnosis may be suggested by increasing cyanosis, dyspnea and 
tachycardia and is confirmed by the detection of a pericardial friction 
rub or when, less often, effusion occurs, by the appearance of the signs 
of fluid in the pericardial sac. Recognition of a pericardial friction rub 
may be difficult, due to the presence of intrapulmonary sounds or of a 
pleuropericardial rub. It is essential to listen daily over the sternum, 
along the sternal margin and over the precordium in every case of pneu- 
monia, or the presence of a pericardial rub may escape recognition. 

The prognosis when pericarditis develops is exceedingly grave, in 
part because of the condition itself, in part because of the frequently 
coincident sepsis or myocarditis. The existence of the complication is 
so often overlooked that accurate mortality statistics are not available. 
Of the cases recognized clinically, from 50 to 80 per cent. end fatally. 

ENDOCARDITIS also is undoubtedly much more frequent than clinical 
statistics indicate.”"-"* This is illustrated by a comparison of the figures 
obtained from the clinical and pathological records analyzed by Musser 
and Norris, who noted a clinical incidence of 0.44 per cent. as contrasted 
with the finding of anatomical lesions in 5.8 per cent. It is said to occur 
more often in patients over 30 years of age, more often in women than in 
men, and especially frequently in those with preéxistent valvular disease. 

In the majority of cases it is of the ulcerative type. Though the left 
heart is involved more often than the right, the right heart is attacked 
more often in pneumococcus infections than in most other varieties of 
endocarditis. According to Netter’s figures, in 6.7 per cent. of other 
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types of endocarditis the right side of the heart is affected, whereas in 
17.8 per cent. of the cases of pneumococcus endocarditis it is diseased. 
The aortic and pulmonary valves are the ones most often involved and 
whenever the former are implicated, with rare exceptions, the lesion is 
ulcerative. 

As a rule, characteristic physical signs are lacking and the involve- 
ment of the heart is first discovered at autopsy. In some cases the sub- 
jective manifestations indicate the condition, especially when the symp- 
toms are those of infarction. When there is infarction of the lungs, 
thoracie pain, bloody sputum and signs of pulmonary consolidation may 
be found; in infarction of the spleen, there is pain in the lower left 
axilla or left hypochondrium, enlargement and tenderness of the spleen; 
in infarction of the kidneys, lumbar pain, oliguria and hematuria may 
be found; and in infarction of the central nervous system there is menin- 
gitis, hemiplegia, ete. 

The existence of endocarditis 1s to be suspected in every case of pneu- 
mococcus sepsis (q.v.). Its occurrence is to be considered whenever, in 
a prolonged attack of pneumonia, typhoidal or meningeal symptoms de- 
velop and whenever, after the temperature has fallen to normal, there 
is a return of an irregular fever.*° 

The character of the physical signs may be diagnostic. The detec- 
tion of a systolic murmur is of little help, for it oceurs regularly in 
lobar pneumonia without endocardial involvement. The marked altera- 
tion in the character of a systolic murmur, especially when it takes on 
a musical quality, is suggestive. A diastolic murmur usually is indicative 
of endocarditis. 

In most cases the fever is irregular, sometimes intermittent and asso- 
ciated with recurrent chills, leukocytosis, rapidlv increasing secondary 
anemia, and oftentimes the development of transitory nodular erythema 
and purpura. Meningitis complicates endocarditis in over 00 per cent. 
of the cases. 

The prognosis is extremely grave. Of the cases diagnosed very few 
recover. If death does not occur, chronie valvular disease results. 

MyocarpITIs is not a usual complication of pneumonia, though myo- 
cardial weakness is an occurrence of varying frequency and there is 
often evidence of embarrassment of the heart muscle due to the altered 
pressure in the pulmonary circulation or dependent upon the existent 
toxemia. 

Permanent injury of the myocardium due to pneumonia is a very 
rare event. 

Tachycardia and the various types of arhythmia that may occur have 
been considered. 

PERIPHERAL VENOUS THROMBOSIS is uncommon in pneumonia and has 
been found in about 0.5 per cent. of a large series of cases.** The 
rarity of it is curious, when one recalls how rich pneumonie blood is in 
the elements necessary for coagulation. It is a sequel rather than a 
complication, the majority of the reported cases occurring during con- 
valescence. The veins of the lower extremities are most often involved 
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and, as in thrombosis of the femoral veins due to other infectious dis- 
eases, the left side is more often affected. It has been observed also 
in the veins of the upper extremities, the external jugular, the superior 
longitudinal sinus and the cerebral veins. Thrombosis is slightly more 
common in protracted pneumonia, and in men than in women. Arterio- 
sclerosis, feeble circulation and an altered condition of the blood are 
predisposing factors, but the immediate cause is probably an infective 
phlebitis. The symptoms do not differ from those due to thrombophle- 
bitis of different etiology, and gangrene may result. 

The prognosis differs, depending upon the vein affected. The outlook 
when the femoral vein is involved is good. Pulmonary thrombosis may 
cause sudden death. 

EMBOLISM OF THE ARTERIES is very rare, but EMBOLISM OF THE ABDOMI- 
NAL AORTA, of the lenticulo-optic artery and of the popliteal artery have 
been described. 

The emboli may be of venous or of cardiac origin. 

Urinary System.—The transitory albuminuria and cylindruria of 
the active febrile stage of pneumonia and their causal renal irritation 
are to be regarded as regular features of the disease. Frothingham’s 
studies *? of a small series of cases of this type showed no impairment 
of renal function. 

It is often difficult to distinguish between signs of no import and 
those indicative of true renal degeneration or inflammation. Definite 
nephritis, however, is rare and occurs as a complication in less than 
1.0 per cent. of the cases. It may develop at any time in the course 
of an attack. Acute glomerulonephritis may occur. Edema is uncom- 
mon, hemoglobinuria is exceedingly rare, but hematuria is more fre- 
quently met. Pneumonia is not a common cause of nephritis and the 
renal disorders due to it are usually either rapidly fatal or end in 
complete recovery. 

Genital System.—Suppurative orchitis following pneumonia has been 
recorded. 

Skin.— Herpes simplex, erythema and sudamina (miliaria erystallina 
and rubra) are among the ordinary findings in pneumonia. 

In the septicemic cases, purpura, erythema multiforme and erythema 
nodosum occur. Furunculosis may develop and erysipelas and pemphi- 
gus may be accidental occurrences. Metastatic pneumococcic dermatitis 
and postpneumonic symmetrical gangrene have been described. Herpes 
zoster is a rare complication, but the writer has seen it twice in the 
epidemic of 1917, both times in elderly women during convalescence from 
a mild attack. 

Nervous System.—The frequency and the varieties of DELIRIUM occur- 
ring in pneumonia have already been considered. Other nervous symp- 
toms undoubtedly due to toxemia and not dependent upon anatomical 
lesions may occur.** Coma and STUPOR sometimes associated with vomit- 
ing, HEADACHE and SIGNS OF MENINGEAL IRRITATION are unfavorable symp- 
toms that may appear without the development of a true meningitis in 
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children, alcoholics, in very toxic cases and in association with otitis 
media. 

PSYCHOMOTOR AGITATION in the neurotic or very toxic cases may lead 
to such physical activity as to embarrass an already laboring heart. 

MENIN@ITIs occurs in less than one per cent. of all cases of pneumonia. 
It 1s most frequent in children under ten years of age and is almost uni- 
formly fatal.** Meningeal symptoms may precede the signs of pneu- 
monia or they may develop after the signs of pneumonia have sub- 
sided.*° The infection of the meninges may be hematogenous, otogenous, 
lymphogenous or perhaps by direct extension from the paranasal sinuses. 
Probably in the majority of cases it is a metastatic infection of hema- 
togenous origin and its development in only a small group of those with 
bacteriemia may be due to the existence in these of altered conditions 
of the thecal circulation. Anatomically the lesion is a purulent menin- 
gitis, indistinguishable from that due to the meningococcus or the in- 
fluenza bacillus with the exudate widely distributed over the brain and 
spinal cord. 

The symptoms may be completely masked by the toxic nervous symp- 
toms of pneumonia and may be completely simulated bv those of menin- 
gismus. IIeadache, photophobia, vomiting and constipation are sugges- 
tive. Stiffness of the neck, retraction of the head and Kernig’s sign 
are even more so, and the occurrence of paresis or paralysis of the 
cranial nerves, convulsions, opisthotonus, emprosthotonus, hy peresthesia, 
choked disk, Kernig’s, Babinski’s and Brudzinski’s signs are practically 
diagnostic. The conclusive evidence of meningitis is furnished by lum- 
bar puncture. The spinal fluid obtained is turbid or purulent. It is 
often under increased pressure, shows an increased content of protein, 
contains many leukocytes—chiefly of the polymorphonuelear variety— 
and many pneumococci. Purulent meningitis may develop weeks after 
recovery from pneumonia. 

It is important to recall that though many of the foregoing symp- 
toms may be present and the clinical syndrome be indistinguishable from 
meningitis, spinal puncture may show a normal fluid or autopsy may 
show no anatomical changes in the central nervous system. This con- 
dition is termed meningismus. It occurs in the very toxic pneumonias, 
especially in the neurotic and in children, and is of no prognostic mo- 
ment. 

MENINGO-ENCEPHALITIS with signs of localized or focal cerebral dis- 
ease has been reported.®® §* The condition is of very rare occurrence, 
has a bad prognosis and is manifested by the signs of increased intra- 
cranial pressure and the development of hemiplegia, monoplegia, or by 
disturbances of the cranial nerves. The pathology of this complication 
is not thoroughly established. Tetany, transitory loss of the pupillary 
light reflex ** and temporary diminution or loss of the knee-jerk have 
been seen during the course of the disease. 

PERIPHERAL NEURITIS, PARESIS Or PARALYSIS OF THE VARIOUS CRANIAL 
NERVES have been noted during pneumonia or in the convalescence from 
an attack. These symptoms are of toxic origin and recovery from 
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them without residual symptoms is the rule. They have no. influence 
on the general prognosis. 

HeEMIP.ecia ®° is a rare complication that may result from cerebral 
thrombosis, embolism or abscess. There is another type of pneumonic 
hemiplegia occurring in young, vigorous people and having a better 
prognosis. This type, without gross anatomic lesion, appears within 
the first few days of the pneumonia or may precede it, and often before 
the development of paralysis there are ataxic aphasia, headache, syn- 
cope, vertigo, mental confusion and paresthesia of the side later para- 
lyzed. This type of hemiplegia is of uncertain etiology and is variously 
ascribed to hysteria, encephalitis, meningitis and to cerebral ischemia 
due to insufficient circulation. 

Organs of Special Sense—OcuLAR COMPLICATIONS are rarely seen. 
Instances of conjunctivitis, ulcerative keratitis and abscess of the cor- 
nea occur, and panophthalmitis and hemorrhagic retinitis of embolic 
origin have been described. 

OTITIS MEDIA is most often met with in childhood. It occurs in about 
3 per cent. of the cases of pneumonia of children and in less than 1 per 
cent. of those occurring in adults. The ear may become infected by 
extension from the throat or nasopharynx or through the blood stream. 
The process generally leads to suppuration and the symptoms generally 
are those of a purulent otitis media. Occasionally, the clinical picture 
closely simulates a meningitis. Mastoiditis, sinus thrombosis or menin- 
gitis may follow by extension. If paracentesis is not done, perfora- 
tion of the tympanum results often with a consequent chronic discharg- 
ing otitis, but the hearing is rarely impaired. The possible evil conse- 
quences of middle-ear disease can usually be avoided by frequent care- 
ful examinations of the ear in all pneumoniec children and in all patients 
with signs of meningitis or with symptoms of otitis. 

Thrombosis of the cerebral sinuses 1s to be suspected whenever, 
during or after an otitis media, cultures of the blood previously negative, 
yield pneumococei (Libman and Celler °°). 

Muscular System.—Arruritis *-** ig a very unusual complication, 
developing in less than 0.5 per cent. of the cases. It may occur at any 
stage of the disease, most often in the second week and, like other mani- 
festations of sepsis, it occurs most often in children. Mono-articular or 
polyarticular, it shows a tendency to involve the large joints, especially 
the knees, and there may be synovitis or bursitis independent of or 
associated with the arthritis. 

Mild cases with joint pain, tenderness, redness and slight swelling 
are probably often overlooked and subside spontaneously. Cases with 
moderate serous effusions occur with little constitutional disturbance. 
More severe cases suffer severe arthralgia, show marked signs of arthri- 
tis and develop purulent exudate with destruction of the joint and 
marked general symptoms. This group associated with sepsis is often 
fatal, even when treated surgically. 

Gastro-intestinal System.—Pneumococcus infections of the mouth are 
medical curiosities.*> A case of severe pneumococeus infection with GLOs- 


COMPLICATIONS 49 


SITIS was reported in 1903 and at that time was the second recorded 
instance of the condition.” 

ACUTE PaRoTITIS * ** ig rare and may develop at any time during 
the course or convalescence of pneumonia. The involvement of the 
parotid is generally unilateral, though occasionally both glands are 
affected. The infection may be hematogenous but probably more often 
is due to direct extension by way of Stenson’s duct. The symptoms are 
fever, often chills, dry mouth and local pain, redness and swelling of the 
gland. These may subside spontaneously, or suppuration may follow 
with drainage of pus or rupture into the mouth. It may lead to facial 
paralysis, otitis, necrosis of the jaw and temporomaxillary joint, to 
jugular thrombosis and sepsis. 

VOMITING with or without nausea may be a prodromal symptom, 
may attend the onset of the active disease or develop during the course 
of an attack. It is met with most often in children, in toxic cases, as 
a symptom of meningitis, as a consequence of medication, and in patients 
with gastro-intestinal or peritoneal inflammation. Pneumococeus gas- 
tritis, gastric and duodenal ulceration, enteritis and colitis rarely occur. 
Intestinal hemorrhages as a result of ulcerative lesions in the bowel 
have been described. Appendicitis may develop during the active dis- 
ease or in convalescence. 

ACUTE DILATATION OF THE STOMACH js an unusual and serious com- 
plication that generally escapes detection. The stomach may be tre- 
mendously distended and may even fill the entire abdomen. According 
to Fussel,®® the dilatation is probably due to toxemia with resultant 
constriction of the duodenum and a secondary obstructive increase of 
the dilatation. The symptoms are vomiting, abdominal pain, distention, 
constipation, collapse, splashing sounds and visible gastric peristalsis. 
Untreated, the mortality is over 50 per cent., but when frequent lavage 
is practiced the prognosis is generally good. 

METEORISM, often present in moderate degree, may become so marked 
as to be a serious complication, for when abdominal distention is great, 
serious interference with respiration may result. It occurs in very toxic 
cases, with sepsis, enteritis and peritonitis. 

Hiccoueu is rarely sufficiently persistent and frequent to cloud the 
prognosis. 

PERITONITIS is one of the very serious complications. Fortunately 
it is rare and does not develop in more than 0.5 per cent. of the cases. 
It may be primary or secondary, general or local. The primary localized 
form is most common in children and is diagnosed by the association 
of high fever with a tender abdominal mass and diarrhea, The secondary 
diffuse form is a metastatic manifestation of sepsis and develops dur- 
ing the same stage of the disease as pericarditis and empyema. The 
symptoms are those of peritonitis of other origin and whenever, with 
fever and leukocytosis, hiccough and vomiting are present with ab- 
dominal pain, rigidity, muscle spasm and tenderness, the diagnosis is 
clear. Abdominal pain and rigidity associated with pleurisy may lead 
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and disappear within a few days of the onset of pneumonia, whereas 
the symptoms resultant from a true peritonitis do not generally appear 
until the height of an attack. Moreover, true muscle spasm and per- 
sistent vomiting are helpful differential guides. It is especially im- 
portant that in every patient with the symptoms of acute intra-abdominal 
inflammation a careful examination of the lungs be made, if the embar- 
rassment of an unnecessary laparotomy in pneumonia is to be avoided. 

JAUNDICE develops occasionally during the course of pneumonia and 
is said to occur in from 2 to 11.5 per cent. of the cases. Statistics prob- 
ably fail to convey an accurate idea of its frequency, as the very mild 
grades are often undetected. 

The incidence varies in different epidemics, and the degree of jaundice 
that develops shades from a subicteric tinting of the sclere to outspoken 
yellow or rarely greenish staining of the skin and visible mucous mem- 
branes. It is usually first apparent at the height of the disease and 
is more common in the toxic cases. The stools generally contain bile, 
but instances of catarrhal obstruction of the bile ducts with acholic 
feces are recorded. The mortality of the cases with jaundice is higher 
than in uncomplicated pneumonia and is generally placed above 50 per 
cent. Probably the higher death rate is due not to the complication 
itself but to the conditions that caused it. 

The actual causation of the jaundice is not established. Banti 1° 
regarded it as the result of a specific hemolytic action of the pneumo- 
coccus upon the erythrocytes and his experimental observations lend 
support to that idea. McPhedran?™ noted an increased corpuscular 
resistance of the red cells in the cases with most marked jaundice, bili- 
rubin in the urine of jaundiced patients and a destruction of red cor- 
puscles that he regarded as due to the pulmonary hepatization. 

The view that it results from an infective cholangitis finds support 
in the occasional development of cholecystitis, but in McPhedran’s cases 
autopsy showed no special changes in the liver. The idea that chronic 
passive congestion of the liver is the causal factor is negatived by the 
absence of signs of cardiac embarrassment and venous stasis. 

INVOLVEMENT OF THE GLANDS OF INTERNAL SECRETION is very rare, but 
reports of thyroiditis, abscess of the thyroid gland and of purulent 
infection of the testicles appear in the literature. 


PNEUMONIA IN ASSOCIATION WITH OTHER DISEASES 


Infectious Diseases.—INFLUENZA.—Influenza may be complicated by 
the development of lobar or bronchopneumonia, and the pneumonic 
process may be but another manifestation of infection with the pri- 
mary invader or the result of secondary infection with the pneumococcus, 
streptococcus or some other microérganism. Mixed infections are not 
uncommon. It is still a moot point as to how frequently the pulmonary 
consolidation is due to the Diplococcus pneumome, but it is established 
that when the lesion in the lungs is truly lobar it is generally due to 
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that agent. The influenza bacillus has never been shown to be the etio- 
logical agent in lobar pneumonia. The course of pneumonia compli- 
eating influenza is modified in that there is less often a chill at the 
onset, the fever is more irregular and often declines by lysis, the prostra- 
tion and cyanosis are more marked, the pulse is slower, the sputum 
less often rusty and there is usually a leukopenia. The mortality is 
very great. 

MAuaRiAL Fever.—In malarial fever pneumonia may develop as a 
complication and it 1s practically always due to the pneumococcus. 
When it does occur, the prognosis is grave, the mortality high and the 
course is often characterized by obscure physical signs, by prostration 
and by cerebral symptoms. Pulmonary congestion may be a source of 
confusion, and it is differentiated by its basal localization and intermit- 
tent fever. Pneumonia is never due to the malarial parasite. 

TyPHomp FEVER.—Pneumonia is an uncommon occurrence in typhoid 
fever and when it develops is more often lobular than lobar in type. 
Generally due to infection with the pneumococcus, apparently authentic 
instances of pneumonic consolidation due to the Bacillus typhosus are 
recorded. 

The pneumonia rarely occurs early in the course of typhoid fever, 
and when it does, its symptoms are characteristic and the existence 
of the latter may be first suspected because of the absence of leuko- 
cytosis, the protracted fever, the appearance of the roseola at the end 
of the first week; or the result of blood cultures may establish its pres- 
ence. The onset of pneumonia is most frequent after the second week 
of the disease and it may not be detected. The pathognomonic features 
are often lacking and the presence of the complication may be indicated 
only by the accelerated respiration, cyanosis, tachycardia and leuko- 
cytosis. The latter may be relative to the preéxistent leukopenia and 
not absolute. Cough and expectoration may be entirely absent. The 
mortality in this group is unusually high. Finally, pneumonia may 
develop during convalescence and when it does there is seldom any 
diagnostic difficulty. 

Occasionally the signs of pulmonary infarction are wrongly inter- 
preted as indicative of pneumonia, and this is true especially when 
the signs of peripheral thrombosis are not evident or do not appear 
until after the lesion in the lung has become manifest. 

MerasuEs.—Measles is rarely complicated by the development of 
lobar pneumonia, but bronchopneumonia frequently occurs during con- 
valescence. The pulmonary complications and sequel have been studied 
in our army cantonments and it has been demonstrated that post-measles 
bronchopneumonia is usually due to the Streptococcus hemolyticus, and 
occurs most often in individuals who harbor that organism in their 
throats. 

ScaRLET Fever; DipHTHERIA.—Lobar pneumonia is very unusual as. 
a complication of the other acute exanthemata and in scarlet fever is a 
very grave event, especially when there is a coexistent nephritis. In 
diphtheria pneumococcus pneumonia happens even more rarely. 
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PULMONARY TUBERCULOSIS.—In the course of pulmonary tuberculosis 
pneumococecus pneumonia is a rarity, and when it develops, differential 
diagnosis is extremely difficult. Subacute and acute tuberculous con- 
solidation present the same signs and often are attended by the same 
symptoms as pneumococcus pneumonia, though generally the history and 
the course of the disease are different. Exposure to infection, espe- 
cially in childhood, evidences of tuberculous lesions in the lungs or 
elsewhere, a previous attack of idiopathic pleurisy—especially if at- 
tended by effusion—poor general health and frank hemoptysis are help- 
ful differential points. Further, defervescence by lysis and low-grade 
leukocytosis with evidence of apical disease also speak for tubercu- 
losis. The demonstration of tubercle bacilli in the sputum is conclusive 
evidence of the nature of the infection. Lobar pneumonia may lead 
to a flare-up of an inactive lesion or may be followed by a generalized 
dissemination of the tuberculosis, though probably in many cases the 
further course of the old disease is uninfluenced. 

Non-infectious Diseases.—DIABETES.—When lobar pneumonia occurs 
in this disease it usually runs an atypical course and has a grave prog- 
nosis.‘°? During the course of the infection glycosuria may be lessened 
or even disappear, but the danger of gangrene is increased and the pa- 
tients usually die in coma. 

CARDIAC AND RENAL DIsEASE.—In this group of cases bronchopneu- 
monia is more frequent than the lobar variety. When the latter does 
occur, it may be confused with pulmonary congestion or infarction in 
eases with cardiac decompensation, and may be overlooked. The course 
of pneumonia in these diseases 1s very atypical, with insidious onset, 
slight pyrexia and abundant frothy sputum. The mortality is high. 

ALCOHOLISM.—In those addicted to the use of alcohol pneumonia 
occurs frequently and is a very fatal disease. It has an insidious onset, 
an afebrile or slightly febrile course, marked nervous symptoms and 
generally atypical manifestations. Delirium tremens is precipitated 
often early or at the height of the pneumonia. 

HEaT STROKE.—Heat stroke may be complicated by pneumonia and 
when it is the outlook is very grave, as over 50 per cent. have a lethal 
termination. 

Insanity.—In the insane the symptoms are often very atypical and 
the disease may be readily overlooked. 


CLINICAL VARIETIES—TYPES 


The manifestations of lobar pneumonia are protean and, in addition 
to the classical entity described, there are a number of other clinical 
varieties. 

Central Pneumonia.— When the consolidation begins in the depth 
of the lung, or at the hilum, and no part of the periphery is involved, 
the condition is termed latent or ‘‘central pneumonia.’’ The former is 
the more suitable name, for often the condition is overlooked or, as 
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the signs of consolidation may be lacking, the condition is only sus- 
pected from the history, the rusty sputum, accelerated respiration, fever 
and leukocytosis. Diagnosis in such cases is sometimes established 
by the z-ray. When the consolidation spreads to the surface of the 
lung the classical signs appear. 

Massive Pneumonia.—Massive pneumonia is the term applied to 
consolidation of the lung with associated plugging of the bronchi. The 
physical signs are often those of pleural effusion, from which it may 
be differentiated by the appearance of the signs of consolidation follow- 
ing cough, the absence of Grocco’s sign, the presence of resonance ad- 
jJacent to the spine on the affected side, and often by the absence of 
displacement of the heart or other viscera. Occasionally, the signs are 
so equivocal that exploratory thoracentesis or a roentgenogram is neces- 
sary to exclude a pleural exudate. 

Apical Pneumonia.—Apical pneumonia is considered by some an 
especial type of the disease, characterized by delirium, often indistin- 
guishable from mania a potu, by stupor, and by hyperpyrexia. It is 
more common at the extremes of life, involves the right lung more often 
than the left, and pericarditis is said to occur more often as a com- 
plication than in other types of pneumonia. It is questionable, how- 
ever, if there is any justification in setting apart pneumonia involving 
the apices as a clinical variety. 

The mortality of the three foregoing types is essentially the same as 
that of ordinary lobar pneumonia. 

Migratory Pneumonia.—Migratory pneumonia is an uncommon va- 
riety of lobar pneumonia in which different lobes or portions of lobes of 
the lungs are involved in succession. As resolution is established in one 
area, consolidation begins in another, the process spreading in contigu- 
ous portions of the lung. Several lobes may be involved and the dis- 
ease run a protracted course. Oftentimes when the consolidation spreads 
to the previously healthy side a more marked exacerbation of symptoms 
occurs than when the progression is on the same side. 

Short Term, or Abortive, Pneumonia.—This form is occasionally 
seen.?°> The onset of the disease may be typical, the signs of consoli- 
dation of a lobe complete, and crisis with subsidence of symptoms begin 
on the first, second or third day. The most striking instances of “‘one- 
day pneumonia”’ seen by the writer occurred in two young men, room- 
mates, the second of whom contracted the disease apparently by direct 
contagion while nursing the first. In each the disease was of sudden 
onset, with chill, fever and pleural pain; each developed signs of com- 
plete consolidation of the right lower lobe, and in one the crisis occurred 
within 22 hours, in the other within 36 hours of the beginning of symp- 
toms. 

Senile, or Asthenic, Pneumonia.—Pneumonia in the aged or in in- 
dividuals debilitated by chronic disease is characterized by the absence 
of prodromata, an insidious onset, severe prostration, absence of cough 
and expectoration, and often by the presence of coma, stupor or delirium, 
and by gastro-intestinal symptoms, especially nausea, vomiting and diar- 
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rhea.1°* The latter symptoms may be so striking as to dominate the 
clinical picture and lead to carelessness in examination of the chest. 
The only symptom in many cases is accelerated respiration, or dyspnea, 
and fever may be absent thoughout the course of the illness. The ab- 
sence of other symptoms, and because physical signs of consolidation 
may be lacking for several days, explain the frequency with which the 
existence of pneumonia is overlooked in many of these patients. Occa- 
sionally tynhoid fever is suspected but it can be readily excluded. The 
course is usually protracted. If there is fever defervescence is gen- 
erally by lysis. Gangrene and abscess of the lung are frequent com- 
plications. The mortality is high. 

Terminal, or Terminating, Pneumonia.—Terminal, more aptly 
termed terminating, pneumonia presents often the same characteristics 
as does the so-called asthenic type. Most usually met with in the aged, 
the alcoholic and in patients with chronic diseases, it is not uncommonly 
first recognized at autopsy. An afebrile course, without cough or dysp- 
nea, and with slight constitutional symptoms, is not uncommon. 
Bronchopneumonia is more common as a terminal pulmonary compli- 
cation than is the lobar variety. 

Pneumonia in Infancy and Childhood.’*-!1!—Though of less frequent 
occurrence than bronchopneumonia, lobar pneumonia is by no means 
uncommon in very early life. Holt states that after the age of three 
years all primary pneumonia is of the lobar variety and, according to 
Dunlap’s statistics, it is met with as often in infancy as in later child- 
hood. Many instances of antenatal pneumonia are recorded (Mac- 
Donald). 

The disease is more common in boys than in girls. The mortality in 
infants is high (20-35 per cent.) and in children above the age of three 
years is low (2-10 per cent.). The duration is usually shorter than in 
adults, averaging seven days, and abortive pneumonia is not infrequently 
"geen. The temperature is likely to be higher and more irregular than 
in adults, defervescence by lysis is more usual, and pseudo-crises are 
less common. Hyperpyrexia is not necessarily a grave prognostic sign 
in children. Chill at onset does not often occur, delirium and convul- 
sions are frequently the initial symptoms, but vomiting and other gastro- 
intestinal symptoms usher in the disease perhaps even more generally. 

Very important for diagnosis is the altered pulse-respiration ratio 
from 4:1, to 3:1, or in infants even 2:1. The character of the respira. 
tions is considered by some to be pathognomonic—inspiration, pause, ex p1- 
ration, grunt—this modification occurring with tachypnea of 50 to 100 
respirations per minute. The child is listless and fretful and infants 
often are disinclined to nurse. Erythemata are often seen; herpes is 
rare. 

The physical signs may be indefinite or even absent during the 
early days of the disease and may not appear until the time of or even 
after the crisis (Freeman). 

Tympany on percussion and suppression of breath sounds are early 
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signs, and these may be first elicited high in the axilla. Often rales and 
dullness appear first, late in the course of the disease. 

The explanation of the paucity of early signs, their appearance in 
the axilla and, in some instances, failure to detect their presence at all 
has been furnished by roentgenographic studies. These show that the 
pneumonic process always begins at the surface of the lung as a tri- 
angular wedge with the base at the periphery. Signs may be lacking at 
first, owing to the small size of the lesion, to the fact that it does not 
reach a large bronchus, or to its location high in the axilla or behind 
the scapula, shoulder-joint, or at the base of the lung. 

The physical signs usually clear rapidly at the time of lysis or crisis 
and the persistence of them often is indicative of complications. 

Pain referred to the abdomen is more frequent than in adults. Rigid- 
i of the upper extremities and neck is often due to soreness of the 
chest. 

Cough may be a valuable diagnostic symptom when the physical signs 
are obscure. 

Meningismus is very frequently noted, but meningitis, though a more 
common complication than in adults, does not develop in a large per- 
centage of the cases. Absence or diminution of the knee-jerk speaks 
against the existence of true meningitis. Otitis media and empyema 
are the most usual complications. 

In children, lobar pneumonia may be indistinguishable from broncho- 
pneumonia. The disease may be overlooked if it is not remembered 
that cough may be slight or absent, that the sputum is swallowed and 
that the physical signs of consolidation may be so obscure as to escape 
any but the most painstaking examination. 

Postoperative Pneumonia.—Pneumonia develops very occasionally 
following operations, whether performed under general or local anes- 
thesia. In most instances it is of the lobular variety but rarely a 
lobar pneumonia occurs postoperatively and the mode of its production 
is still moot. Exposure and chilling during the operative procedures, 
antecedent infection of the mouth and upper respiratory tract, bron- 
chitis acute or chronic, may be predisposing factors. The presence of 
virulent pneumococci in the buccal, nasal or pharyngeal cavities, 1.e., 
a carrier state, may be responsible in occasional instances; and when 
general anesthesia is induced with ether or chloroform the irritating 
action of the vapor may open tke way for infection. In many cases the 
disease results from aérogenous infection through aspirated mucus or 
saliva, though it may rarely be of hematogenous, lymphogenous or em- 
bolic origin. 

Pasteur has described a condition of extensive collapse of the lung 
resulting from paresis or paralysis of the diaphragm, and this condition 
may precede the onset of pneumonia or may be confused with it in the 
absence of consolidation. It involves the lower lobes most often, and 
when it occurs suddenly may be fatal. 

Postoperative pneumonia is more common in the aged, the debili- 
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tated and after operations on the stomach, mouth, the respiratory tract 
and after gynecological operations. 

The condition is rare, as shown by the statistics of Musser and Nor- 
ris,'?? according to which it occurred in 0.35 per cent. of 139,101 col- 
lected cases. 

Abscess of the lung is the most frequent complication. 

Pneumonia in Pregnancy.—Pneumonia is a relatively infrequent 
complication of pregnancy, occurring in less than 1 per cent. of collected 
cases, but when it develops it materially increases maternal mortality 
and often leads to premature labor or abortion. Musser and Norris 
state that ‘‘if abortion does not occur in the first few days the prog- 
nosis is better’’ and ‘‘that the third day is the most common one on 
which abortion occurs.’’ 

Abortion or premature labor occurs in more than half the cases and 
when it does the maternal mortality is increased, due in part at least 
to the cardiac exertion incident to it. The frequency of abortion and 
the maternal death rate increase directly with the duration of the preg- 
nancy, and even when gestation is seven months or more advanced the 
infant mortality is high. Death of the mother may be due to sepsis, 
toxemia, or to severe cardiac strain. 

The cause of the spontaneous emptying of the uterus may be toxic 
or may be the result of an embolic pneumococcal endometritis. Ex- 
perimental evidence for the latter origin is furnished by the experi- 
ments of Aufrecht on pregnant rabbits. 

Pneumonia is less common in pregnancy than are pulmonary em- 
bolism and infarction and it may be readily confused with them (see 
Diagnosis). 

Traumatic Pneumonia.—Pneumonia following injuries of the chest 
wall has been described,?** but it 1s of very infrequent occurrence. It 
may develop in individuals in whom the lung itself has not been pene- 
trated and may follow crushing wounds. The mechanism of its causa- 
tion is not established and it is still a question as to whether or not a 
frank pneumonia due to the pneumococcus follows trauma, though a 
number of apparently authenticated instances are described in the 
literature. 

Pneumonia Following Immersion in Water.—Pneumonia due to this 
cause occurs occasionally and is generally of the lobular variety. True 
lobar pneumonia may develop. Etiologically, chilling and shock are of 
some importance. It is probable that in this group of cases the pres- 
ence of pneumococci in the buccal cavity and upper respiratory tract is 
the direct determinant of whether or not aspiration of water will lead 
to pulmonary consolidation. 

Typhoid Pneumonia.—This ambiguous, undesirable term should be 
abolished from our nomenclature. It is rarely clear whether it refers to 
pulmonary consolidation, the result of infection with the Bacillus typho- 
sus, or to true pneumococcus pneumonia with symptoms resembling 
those of typhoid fever. Both conditions occur, though pneumonia due 
to the typhoid bacillus is a very rare disease. 
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Secondary Pneumonia.—Secondary pneumonia has already been 
considered under the caption of Pneumonia in Association with Other 
Diseases and, as has been stated, its signs and symptoms often deviate 
markedly from those that are met with in uncomplicated frank pneu- 
monia. 

Whenever in the course of any disease there is noticeable disturb- 
ance of the normal respiration-pulse ratio, the existence of pneumonia 
should be suspected. Even careful physical examination may then fail 
to disclose the signs of consolidation and the diagnosis must be made from 
the symptoms, the fever and the character of the respiration. Unless 
an investigation of all parts of the lungs is made, including the axille, 
the middle lobe, the regions covered by the scapule and the supra- 
elavicular and infraclavicular regions, errors will be frequent. Often- 
times there is great difficulty in deciding whether the lesion is a broncho- 
pneumonia, atelectasis, hypostatic congestion, pulmonary infarction, 
edema or a central pneumonia. 

Organizing Pneumonia.—In rare instances the exudate, instead of 
undergoing resolution and resorption, becomes organized, leading to 
fibrosis of the Jung. This occurs most often in eases of delayed resolu- 
tion and leads to permanent impairment of the function of the affected 
area. 
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Prophylaxis.—The failure to eradicate or to lessen the incidence of 
pneumonia has been due in part at least to the failure to recognize its 
usual mode of dissemination. Though it is perhaps true that in some 
cases the disease may arise from an auto-inoculation with pathogenic 
strains harbored in the mouth, the studies from the Hospital of the 
Rockefeller Institute have apparently established the fact that most often 
it 1s the result of infection from without due to contact, direct or in- 
direct. 

This statement is true of infections with Types I and II, which are 
responsible for over 60 per cent. of all pneumococcus pneumonias studied. 
These strains are very rarely present in the mouths of normal persons 
who have not been in intimate contact with patients and they persist 
for only a limited time in the buccal secretions of convalescents from 
the disease. Pneumococei are found in dust, but pathogenic types are 
never found except in the environs of patients ill with pneumonia or 
in the quarters of healthy carriers. The chief sources for the spread 
of pneumonia are patients with pneumonia, convalescents who harbor 
the organisms in their buccal secretions (‘‘convalescent carriers’’), per- 
sons who have acquired the organisms by intimate contact with patients 
(‘‘healthy carriers’’), and dust from the immediate surroundings of 
patients or carriers. Recognition of these facts in regard to the dis- 
semination of pneumonia due to Types I and II pneumococcus, and the 
realization that auto-inoculation with a pathogenic strain present in the 
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mouth may rarely occur furnish a basis for the prophylactic measures 
to be taken. 

GENERAL MEasurES.—To prevent the spread of pneumonia the same 
general measures are needed as are helpful in lessening the dissemina- 
tion of other infectious diseases. The public must be educated, ade- 
quate legislation must be had, and a well-equipped board of health is 
necessary properly to enforce enacted laws. The compulsory reporting 
of each case of pneumonia will furnish new and important data con- 
cerning the epidemiology of the disease, and the employment of labora- 
tory procedures will offer wider opportunities for the use of specific 
treatment. 

Each case of pneumonia is a possible focus for the spread of infec- 
tion, and the measures of isolation helpful in controlling the dissemina- 
tion of other contagious diseases should be instituted. Inasmuch as 
the buccal and respiratory secretions are the chief sources of con- 
tagion, they should be carefully collected and burned or disinfected. 
A 5 per cent. solution of carbolic acid or of lysol is useful for this pur- 
pose. Before removal from the room, handkerchiefs, bed and body linen, 
clothing, utensils, etc., should be sterilized by boiling or by the use of 
disinfectants. Thermometers and all other appurtenances of the sick- 
room should be kept separate from those used for other patients. 

Since it has been shown that the environs of the patients are con- 
taminated, daily cleansing of the room should be carried out in such 
a way as to avoid scattering of dust, and after convalescence the room 
should be thoroughly cleansed and aired. Hot soda water is an ad- 
mirable cleanser and sunlight and fresh air are more valuable than 
fumigation. 

Attendants of the patient are best protected by good habits of 
personal hygiene and by scrupulous care of the mouth and nose through 
the use of ordinary so-called antiseptic mouth washes. Kolmer and 
Steinfield *1* recommend, as especially efficacious, the following solution: 


Ethylhydrocuprein hydrochlorid or quinin bisulphate, 0.005 grams. 
Liquor thymolis, 5.0 e.ce. 
Distilled water, sufficient to make 50.0 c.e. 


The wearing of a gauze mouth and nose guard likewise lessens the dan- 
ger of infection. 

The control of carriers, convalescent and healthy, is more difficult, 
for it is not practicable to isolate all those who harbor the organism. 
All known carriers of pathogenic types of pneumococci should be in- 
structed as to their potential harmfulness and cautioned to avoid cough- 
ing and sneezing, without shielding the mouth, and to avoid expecto- 
rating, except into proper containers, and in the use of mouth washes 
which may be helpful in ridding them of the cocci. 

Finally, individual cleanliness, in its broadest sense; recognition of 
the value of fresh air and sunshine and of the dangers of poor ventila- 
tion and improper housing; avoidance of excess and of exposure, espe- 
cially when fatigued or when ‘‘suffering with a common cold’’; and 
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observance of all the rules of good hygiene are invaluable preventive 
measures. 

SPECIFIC MrasurEsS.—Vaccination.—Though a rational basis for pro- 
phylactic vaccination against the pneumococcus has been established, 
attempts to carry out this procedure successfully have generally failed. 
These unsuccessful efforts in the past were undoubtedly due to a failure 
to recognize or to consider the different immunologic groups of the pneu- 
mococcus. 

The earliest important studies along this line were those of Lister,??° 
who studied the effects of vaccination among the mine workers at Kim- 
berley, South Africa. He injected a large group of men with a triple 
vaccine made of the three types of pneumococcus that had been found 
responsible for the cases of pneumonia among the workers and noted 
a markedly diminished incidence of subsequent infection among them, 
as contrasted with that occurring among the unvaccinated. Lister utilized 
cultures that were killed by the action of a germicide and administered 
three subcutaneous injections at seven-day intervals, each dose contain- 
ing six thousand million of the several types of pneumococcus. 

More recently Cecil and Austin,'*® at the Rockefeller Institute and 
at Camp Upton, have carried out elaborate studies on the preparation 
and dosage of the vaccine and have inoculated more than 12,000 sol- 
diers. Types I, II, and III pneumococcus were incubated 12-14 hours 
in 0.5 per cent. glucose broth and then killed by heating to 53° C. for 
half an hour. The culture medium was removed by centrifugation and 
the cocci were suspended in salt solution. Viewed from the standpoint 
of protection alone, they found this vaccine equally efficacious in single 
or multiple injections, provided the total dosage in each case was the 
same. Fewer local and toxic reactions followed the use of repeated small 
inoculations. The optimum immunity response was obtained after three 
to five moderate doses at three to seven-day intervals, or when seven 
small daily injections were given. The total dosage was six to nine billion 
of Types I and II, and four and one-half to six billion of Type III. 

During ten weeks of observation of vaccinated cases no case of pneu- 
monia developed among the men who had received two or more injec- 
tions of vaccine, whereas in a control series of about 20,000 men there 
were 26 cases of pneumonia due to pneumococcus Types I, IT and ITI. 

The local sterile infiltrations that occasionally followed the injections 
disappeared spontaneously and were interpreted as an expression of 
cutaneous hypersensitiveness. 

The results of this experience are striking and warrant an extensive 
application of the method. 

For convenience of description the treatment of ‘‘pneumonics’’ may 
be considered under the headings: I. General ; II. Symptomatic; III. Spe- 
cific. 

General Management.—In treating patients with pneumonia several 
facts must be borne clearly in mind. 

Pneumonia is a self-limited disease and, depending upon the viru- 
lence of the infection and the resisting power of the host, may present 
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@ picture of the greatest severity or may be merely a mild abortive 
syndrome. The mortality varies in different epidemics, seasons and 
localities, regardless of treatment, and the same clinical picture may 
arise following infection with organisms other than the pneumococcus. 

Failure to recognize these fundamental theses has led to unwar- 
ranted enthusiasm regarding the efficacy of various modes of therapy 
and, through reaction, to therapeutic nihilism. These facts granted, it 
is at once apparent that no therapeutic procedure can be established 
as of value until it has been widely tested in large series of cases occur- 
ring in different epidemics, and unless very definitely beneficial results 
are seen in these as contrasted with those obtained in untreated controls. 

Proper measures of isolation should be taken. 

The patient, placed in bed, should be thoroughly bathed and kept 
clean. A culture of the blood and of the sputum should be made 
promptly to determine the type of organism responsible for the infection. 
Daily or more frequent examinations of the patient are necessary to 
ascertain the extent and progress of the pulmonary lesion, the degree of 
intoxication, the condition of the circulatory system, the development 
of complications, ete. The posterior thoracic regions should be inves- 
tigated even in the very ill, otherwise a pleural exudate may be over- 
looked. During these examinations unnecessary exposure of and un- 
needed exertion by the patient should be avoided. Cough is provoked 
less often if he is turned on to the diseased side. The sickroom should 
be large, quiet, bright and well ventilated, the windows open, except 
during examinations or treatments. The bed should be a single one 
and of a type to facilitate attention on the part of nurse and physician. 
The coverings should be sufficient to protect the patient but not so 
heavy as to incommode him or to interfere with respiration. The bed- 
wrap should be a light woolen shirt or pajama, slit the entire length 
to afford easy access for examination. The patient should not be per- 
mitted to sit up even to wash or feed himself and all attendants should 
be instructed to spare him effort. If he must be removed from his 
home to a hospital the greatest care must be observed to minimize physi- 
eal activity, active or passive, during transportation. 

The best position in bed is that which gives the greatest comfort. 

Visitors should not be permitted during the active stage of the disease. 

The temperature, pulse and respiration should be charted every two 
hours, day and night. Rigid care of the mouth, nose and lips is neces- 
sary. The teeth should be cleansed at least twice daily; the mouth 
rinsed with a mild antiseptic solution (Dobell’s solution, liquor alka- 
linus antisepticus, etc.), and if the lips are very dry or fissured the 
application of liquid vaselin flavored with peppermint is often comfort- 
giving. 

The total urine should be collected and examined daily and the char- 
acter and quantity of the sputum noted. Gauze used to wipe the nose 
and lips should be burned. Bed linen, sputum containers, thermometers 
and all utensils of the sickroom should be cared for as in other infectious 
diseases, 
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Drugs should not be administered unless there are definite indica- 
tions. A dose of morphin, codein or of Dover’s powder to relieve pain 
and restlessness may be administered, provided there is no marked im- 
pairment of renal function. Cardiac depressants and measures that 
lower blood-pressure are to be avoided. Laxatives may be given at the 
onset of the disease, if necessary. The best diuretic is water or milk. 
Alcohol should be given only in those cases in which it promotes appe- 
tite and helps digestion and in those addicted to the use of it. Small 
amounts of brandy or whiskey may be given elderly patients as a food 
or as a hypnotie. 

Expectorants, diaphoretics and stimulants are not indicated as rou- 
tine procedures. 

The evidence concerning the value of oxygen in the treatment of 
lobar pneumonia is contradictory.’ 118 Certainly open-air treatment 
is more helpful generally and oxygen fills only an occasional need in 
cases with circulatory asthenia and restlessness. The gas when used 
must be free of chlorin and must be passed through a wash-bottle before 
inhalation. 

Diet.—The diet in pneumonia may be arranged according to the 
desire of the patient and with regard for his ability to digest it. The 
disease is of such duration that a few days of restricted intake will do 
no harm. When there is anorexia or when gastric disturbances are 
present a liquid diet, with feedings at intervals of two hours, suffices. 
In some cases from the onset, in others after the active febrile stage is 
past, a soft diet may be allowed, and in all eases when defervescence 
is established liberal meals with intermediate feedings should be given. 

It is well to prohibit foods that cause distention, and if milk does 
not agree it may be peptonized, diluted with lime water or Vichy, or 
it may be given in the form of buttermilk, kephir, koumiss, malted or 
as junket. 

Children must often be fed by gavage. In the aged it is well to give 
small amounts of food at frequent intervals. 

The fluid intake should be liberal and it is well to have the patient 
take at least a quart of water daily in addition to the liquids in the 
diet. If water causes nausea, ginger ale, lemonade, grape juice, coffee, 
tea, albumin, etc., may be given in its stead. 

HyproTHEeRAPY.—Hydrotherapeutic measures are invaluable in the 
treatment of pneumonia. They not only bring about a lowering of the 
temperature with concomitant diminution of discomfort, but through 
the use of them the nervous system is calmed, the circulation is aided, 
the blood-pressure is raised, respiration is stimulated and increased 
elimination promoted. 

The tub-bath is of little value, except in treating children. For 
children immersion for 5 to 10 minutes in a tub of water heated to 
95° or 100° F. (85° or 37.8° C.) may be helpful if there are marked 
nervous symptoms. During the bath there should be constant rubbing 
of the body surface. 

Cold sponges are the most generally useful. Sponging with cool or 
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tepid water or with dilute alcohol may be repeated at intervals of 3 to 4 
hours, regardless of the elevation of temperature. The extremities and 
trunk should be sponged separately and during the process massaged 
briskly, rubbing towards the body. <A properly given sponging requires 
15-20 minutes, during which care should be taken not to expose the 
patient to chilling. 

Internal hydrotherapy—the taking of an abundance of water—should 
be ordered in every case to promote elimination. 

AEROTHERAPY.—It is often difficult to convince the patient and his 
family that fresh air is a valuable accessory in the treatment of pneu- 
monia and that temperatures of 60° F. (15.6° C.) are not harmful to the 
patient. The day of the overheated room with sealed windows passes 
hard. It lingers here and there with the use of the pneumonia jacket, 
poultices and the application of pastes to the chest. Regardless of the 
outside temperature, the windows should be open and whenever con- 
ditions allow the bed may be wheeled on to a protected porch.!* 12° Of 
course, the clothing and covers should be sufficient amply to protect the 
patient, and nurses or other attendants should wear extra wraps. Fresh 
air makes respiration easier, stimulates the circulation, quiets the nerv- 
ous system, promotes appetite and, according to statistics, lowers the 
mortality of the disease. 

Treatment of Symptoms.—CuiLu.—The patient should be warmly 
clad, wrapped well with blankets and surrounded by hot water-bottles 
or an electric pad. A warm drink or whiskey may be given. 

FEvER.—Fever is a manifestation of infection and an evidence of 
the resistance of the host. Except when hyperpyrexia is marked or 
when the fever itself is a cause of discomfort, there is no object in 
seeking to reduce it. The use of antipyretic drugs is to be condemned, 
and hydrotherapy—external and internal—is the method of choice to 
give relief from this symptom. 

Troracic Pain.—Thoracic pain often distresses the patient to such 
an extent as to prevent relaxation or sleep, and may cause exhaustion. 
It is often relieved by the application of cold (ice-cap—Leiter’s coil) or 
of heat (hot water-bag, electric pad) to the chest wall. The use of 
counterirritants, of cupping, or of leeches is undesirable. Fixation of 
the thorax with a taut bindcr may be helpful, and though similar relief 
is afforded when adhesive straps are used, the latter are objectionable 
because they interfere with examinations and often irritate the skin. 

When these measures do not avail a sedative may be administered. 
Opium and its derivatives, Dover’s powder, grains 5-10 (0.325-0.65 
gram), and codein, grain 14-14% (0.016-0.03 gram), are of great value 
in pneumonia for they not only relieve pain but promote relaxation 
and sleep. 

CovaH.—Cough is a symptom that requires medication only when it 
is harassing. To check repeated unproductive paroxysms codein sul- 
phate, grain 14-14 (0.016-0.008 gram) ; heroin hydrochlorid, grain 1/12 
(0.005 gram) or morphin, grain 14 (0.008 gram) hypodermatically or 
by mouth, may be given. Of these drugs heroin is the least desirable 
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and it is to be used with great caution. Expectorants are rarely help- 
ful. In every case it is important to exclude a complicating pleural 
effusion as the provocative cause. 

PLEURAL AND PULMONARY COMPLICATIONS.—The treatment of pleural 
and pulmonary complications (abscess, gangrene and delayed resolu- 
tion) has been considered in the section on Complications. 

CIRCULATORY SysTEM.—The readiness with which signs of circulatory 
asthenia can be detected has led to the partly erroneous idea that the 
heart and vasomotor centers are materially damaged in pneumonia and 
to the failure to recognize the fact that the respiratory mechanism 
usually fails before the circulatory apparatus. 

Anatomical studies have shown that the heart muscle is rarely dis- | 
eased as a result of pneumococcus pneumonia and Porter has demon- | 
strated that vasomotor paralysis does not occur. 

The cardiac embarrassment is but another manifestation of infection 
and intoxication, increased in small measure only by mechanical dis- 
turbances in the lesser circulation. 

To prevent circulatory failure all measures should be utilized that 
lessen intoxication and that protect the patient. Avoidance of physical 
effort, of excitement or annoyance; careful regard for every detail of 
comfort, the securing of the needed sleep and rest, the lessening of pain, 
cough, distention, ete., are valuable preventive aids. 

Cardiac stimulants are invaluable both for the prevention and the 
relief of symptoms of circulatory embarrassment.’7_ Of this group, 
digitalis and its derivatives are the most useful, for it has been shown that 
the pneumonic heart can be influenced by digitalis in the same way 
and with the same dosage as the normal heart.'??, Formerly it was con- 
sidered good practice to withhold the administration of cardiac stimu- 
lants until evidences of cardiac failure developed (rapid weak pulse, 
arhythmia, marked fall of blood-pressure, increasing cyanosis, pulmonary 
edema, distended jugular veins, ete.). It is now recognized that con- 
siderable time is needed to bring about the effect of digitalis upon the 
heart and therefore it is wise to administer digitalis early, as a routine 
measure, in order that when the need for it arises, more prompt action 
may be had and the more dangerous intravenous administration of 
strophanthin, digitalin, etc., may be avoided. 

The preparation of digitalis to be employed is largely a matter of 
choice. The tincture may be used in doses of minims 10 to 15 (0.60 to 
0.92 e.c.) three times daily, for a series of twelve or fifteen doses, when 
it is discontinued, to be repeated if an indication for it presents. One 
must be sure the preparation is an active one. When a satisfactory tinc- 
ture is not to be had the powdered leaves, grain 34 (0.05 gram), or 
infusion of digitalis, 14 ounce (15.5 grams), may be used. Digalen, 
10-15 minims (0.60-0.92 ¢.c.), and digitalin, grain 1/60-1/30 (0.001- 
0.002 gram), are preferably administered hypodermatically. 

Digipuratum is perhaps the preparation of greatest use because it is 
standardized and reliable. The administration of grains 7.7 (0.5 gram) 
digipuratum daily will digitalize the heart muscle within. twenty-four 
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hours, and when patients are seen early in the disease it is well to ad- 
minister this dose on two successive days. The drug is then withheld 
until need for its readministration arises, when it may be given in the 
same amount until the stress is passed, though it is rarely wise to give 
over grains 38.5 (2.5 grams). 

If there are any signs of circulatory weakness when the patient is 
first seen or if the disease has reached its height, grains 15.0 (1.0 gram) 
may be given during the first day. The prime indications for the use 
of digitalis are auricular fibrillation (pulse 150 to 200), other cardiac 
arhythmias and cardiac dilatation, and in these cases the most beneficial 
results are obtained. 

When circulatory symptoms are urgent or when they develop 
abruptly, subcutaneous injections of digitalin, grain 1/60-1/30 (0.001- 
0.002 gram), or of digalen, 10-15 minims (0.60-0.92 ¢.c.), every four 
hours are helpful, or strophanthin (Boehringer), grain 1/120-1/60 
(0.0005-0.001 gram), intravenously or intramuscularly may be life sav- 
ing. Intramuscular injections are painful and may cause local indu- 
ration, but these manifestations may be minimized by deep massage 
for at least ten minutes. Intravenous injections of strophanthin are 
not made without some danger to the patient,’** and they are contra- 
indicated in those who have received digitalis within the preceding 
thirty-six hours. 

When signs of acute dilatation of the right side of the heart develop, 
prompt liberal venesection with the removal of 250-500 ¢.c. of blood 
often tides over the difficulty. When there is evidence of stasis in the 
lesser circulation with pulmonary edema, atropin is a valuable acces- 
sory to the foregoing measures. It may be given in doses of grain 1/150- 
1/200 (0.000433-0.000325 gram), at intervals of three or four hours, 
until the physiological action is noted. 

Strychnin as a circulatory stimulant has not proved of great value 
in the writer’s experience. There is a large and polemical literature on 
the worth of this drug in pneumonia that seems to indicate considerable 
confusion as to its real value. 

Camphor, grains 114 (0.0975 gram), in 1.0 ec. sterile olive oil or 
caffein sodium benzoate, grain 1 (0.065 gram), may be given hypoder- 
matically when a rapid transient stimulation is desired. 

Nitroglycerin, adrenalin and alcohol are of doubtful utility. 

The aromatic spirit of ammonia is useful when prompt stimulation 
is called for and especially in cases with distention, cardiac palpitation 
or paroxysmal dyspnea. 

GASTRO-INTESTINAL SYSTEM.— Anorexia rarely requires treatment. 

The bowels should be regulated throughout the disease. A purgative 
may be administered at the onset of the disease (sodium phosphate, 
Seidlitz powder, calomel, etc.) and during the course of the disease a 
soapsuds enema given daily or every other day will not only relieve con- 
stipation but will often lessen discomfort due to tympanites. When 
distention 1s marked, restricted diet, enemata, hot stupes, turpentine 
stupes or the use of a soft rectal tube passed high into the bowel and 
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left in position for an hour or more will often suffice. If these measures 
fail, a hypodermic injection of pituitrin 1.0 c.c. is an excellent remedy. 

For acute dilatation of the stomach repeated lavage is necessary. 
Incessant vomiting may be relieved by limited diet, ice compresses or 
a mustard plaster applied to the epigastrium, by lavage and by the use 
of gastric sedatives. 

Colitis is relieved by correction of the diet and the use of irrigations 
of the bowel with solutions of salt, alum or boric acid. 

Persistent hiccough may require the administration of morphin. 

Peritomtis and other intra-abdominal complications of inflammatory 
nature demand prompt surgical intervention. 

NERVOUS SysTEM.—Headache is usually relieved by the local use of 
the ice-cap or of cold compresses. Less often drugs are indicated and 
then acetyl salicylic acid, grains 5 (0.324 gram), alone or with codein 
sulphate, grain 14-14, (0.016-0.032 gram), or with camphor monobro- 
mate, grain 1 (0.065 gram), is usually effectual. 

Insomma may be relieved by the use of hydrotherapy, by the relief 
of pain, or it may require the use of hypnotics. Codein or morphin 
may be used; or if there is no cardiac weakness the usual dose of sul- 
phonal, veronal, trional or paraldehyd may be given. Chloral is a 
depressant and must be used with great caution. 

Delirium is quieted by sponging or by the use of the sedatives, al- 
ready mentioned, though morphin is rarely of service. Lumbar punc- 
ture with withdrawal of small amounts of fluid is recommended when 
other measures fiail.12* In alcoholics it is lessened and may be prevented 
by the use of whiskey, brandy, etc., and in these cases depressant drugs 
are contra-indicated. When an exhaustion psychosis develops, a full 
diet and general upbuilding measures are to be employed. 

In every case with marked cerebral symptoms the presence of otic 
and meningeal complications and the development of sepsis must be 
excluded. Meningitis is a very fatal complication but the use of spe- 
cific antipneumococcus serum intraspinally is indicated. 

GENITO-URINARY COMPLICATIONS.—Genito-urinary complications are 
very infrequent. When nephritis develops it requires the same meas- 
ures as do other forms of acute nephritis—protection from chilling, 
a purin-free, protein-poor diet with restriction of salt, regulated intake 
of water and stimulation of the excretory activities of the skin and 
bowels. In the very acute cases intravenous injections of solutions of 
glucose may be of value (100-500 c.c. of a 2 per cent. solution). 

Sxin.—The skin requires the careful attention needed in all patients 
confined to bed. JH]erpes may be dried by the use of dusting powders 
such as zinc oxid, stearate of zinc, etc., sedative washes such as camphor 
water, compound tincture of benzoin, spirits of niter, or ointments, as 
oxid of zinc with or without cocain. 

Tue Crisis.—At the time of crisis, during it and after its occur- 
rence, protection and support are needed. The patient must not exert 
himself; he should be kept recumbent, not allowed to strain at stool or 
to feed himself. If indicated, stimulants must be promptly administered 
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in rapidly diffusible form. Hypodermic injections of camphor in oil, 
caffein, sodium benzoate and atropin are the ones of choice. 

Warm coverings and the use of hot water-bottles, the electric pad 
or heat applied in other ways are often of use. 

CONVALESCENCE.—Though the period of convalescence after a mild 
attack need not be long, several weeks of rest with abundance of fresh 
air, a full diet and slowly increasing periods of exercise should be taken. 
When the disease has been severe with marked intoxication or a pro- 
longed course it 1s wise to refrain from working for a longer period, and 
an abundance of rest, fresh air and good food with general massage 
before active exercise is permitted are the best aids to complete recovery 
of normal strength. If cardiac or pulmonary complications have caused 
organic or functional disability, a proper régime should be ordered with 
graduated exercise, and cardiac stimulants, if there be circulatory as- 
thenia; and respiratory gymnastics and change of climate if there is 
pulmonary impairment. 

Tonics, hematonics, etc., are rarely needed, as anemia is uncommon 
after pneumonia. 

ToxEemMIA.—The manifestations of toxemia must be overcome chiefly 
by the use of general measures. They are often distinctly lessened by 
hydrotherapy, aérotherapy, eliminants and stimulants. Continuous or 
intermittent enteroclysis of salt solution is helpful: hypodermoclysis 
may be given, or if a more prompt effect is needed, intravenous injec- 
tions of salt solution may be employed, after a preliminary venesection. 

In some cases large doses of alkali (bicarbonate of soda 15 grains 
[1 gram] or more several times daily) seem effectual and these may be 
supplemented by the intravenous injection of a sterile 2 per cent. solu- 
tion of glucose if acidosis 1s marked. 

The usefulness of alcohol in cases with marked toxemia is moot, but 
there seems little doubt that its value is slight, if indeed it is not posi- 
tively harmful. Collected statistics show a lower oe rate when it is 
not administered. 

When there are evidences of circulatory failure the procedures al- 
ready outlined should be employed. 

DELAYED ResoLutTion.—Local and general measures may aid in re- 
storing the lung to function. Counterirritants are of doubtful value, 
pulmonary gymnastics (breathing against resistance, ie., the use of 
water-bottles, etc.) are moderately helpful, and injections of fibrolysin 
are useless. The use of the x-ray has apparently a decidedly beneficial 
influence.’ 126 Thoracotomy '??” has been recommended in some cases. 
The upbuilding of the patient, by the use of overfeeding, rest and 
fresh air, together with tonic preparations, such as sodium cacodylate, 
grain 34 (0.048 gram), hypodermatically, iron, etc., hastens recovery. 

Specific Treatment.—Srrum THERAPY.—Since Pasteur’s observation 
that animals could be immunized against pathogenic organisms, and 
more particularly since von Behring demonstrated that it was possible 
passively to immunize animals by the injection of the serum of those 
treated with diphtheria toxin, numerous attempts have been made to 
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produce an antipneumococcus serum with potent prophylactic and eura- 
tive properties. The great obstacle to success was the fact that no soluble 
toxin could be isolated from the pneumococeus, and until it was shown 
experimentally that the injection of sublethal doses of living pneumo- 
cocci protected against subsequent injections of lethal doses, the out- 
look for the production of an efficacious antipneumococcus serum was 
dark. Frankel *** demonstrated that an antiserum was responsible 
for the protection that resulted from such treatments and that though 
it was not antitoxic it could be used to immunize animals passively. 
The Klemperers,'** in 1891, were the first to test the efficacy of such 
an antibacterial serum in the treatment of pneumonia, and their results 
stimulated further investigations, among the more important of which 
were those of Romer,'*° Pane,'*! Neufeld and Handel,!*? and the con- 
tributions from the Hospital of the Rockefeller Institute. 

In 1904, Anders 7%? concluded from a review of the literature that 
though the data were insufficient to justify optimism, they were suffi- 
ciently suggestive to warrant further investigations. 

To Neufeld and Handel '** belongs the credit for the preparation of 
a useful serum. They suggested the need of using large intravenous 
injections of virulent pneumococci to immunize animals, demonstrated 
the specific antigenic properties of the several types of the organism, 
and stressed the fact that a proper serum cannot be had for treatment 
until it is ascertained what particular strain is responsible for the in- 
fection in a given case. They also devised a method of standardizing the 
serum and recommended the intravenous administration of at least 75 c.c. 

Dochez and Gillespie '** isolated numerous strains of pneumococci, 
and on the basis of specific biologic relationships established the sub- 
division of pneumococeus into four definite types, I, II, III and IV, of 
which Types I and II are the two most often responsible for the dis- 
ease, lobar pneumonia. The immunization of horses by intravenous in- 
jections of a given strain led to the production of an antiserum of 
fair potency against Types I and II and, with maximum power of pro- 
tection, against other strains of the homologous type. As yet no satis- 
factory serum has been prepared for Types III and IV. 

Inasmuch as a given antiserum is most active in protecting against 
infection with a strain of pneumococcus homologous with that by which 
it was produced, no constant therapeutic results are to be expected 
unless the type of pneumococcus responsible for the infection is de- 
termined ; for only then can a proper antiserum be administered. 

Practically, the procedure is as follows: After the clinical diagnosis 
has been made and the specific strain of the causal agent has been identi- 
fied, the patient is given a subcutaneous injection of 0.5-1.0 c.c. of 
horse serum to test for the presence of hypersensitiveness. Even when 
this test is negative it is safer in all cases to give 1.0—-5.0 ¢.c. of horse 
scrum subcutaneously as a desensitizing dose before administering a 
large volume of the antiserum. The danger of anaphylaxis overcome, 
50-100 c.c. of the warmed antipneumococcus serum diluted with an 
equal amount of sterile 0.85 per cent. salt solution are injected in- 
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travenously at the rate of 2-4 ¢.c. per minute. The injection is repeated 
once or twice daily until conditions indicate there is no need for fur- 
ther treatment. The only harmful effects that may result are those 
that so often follow the administration of foreign sera (serum sick- 
ness, q.v.). 

A large number of cases of pneumonia have been treated by this 
method and the published statistics indicate that when the injections 
are given early in the disease due to infection with Type I pneumo- 
coceus, the results obtained are encouraging. In 65 cases treated at 
the Hospital of the Rockefeller Institute the mortality was reduced 
from 25 to 7.5 per cent.1> In a series of 11 cases at the Johns Hopkins 
Hospital ?°* the effect of similar treatment was less striking. 

Following an injection the temperature may remain elevated, to 
fall by crisis at the customary time; or defervescence may occur grad- 
ually within a few days. Generally the course of the disease is short- 
ened, the pulse is slower, the cyanosis less intense and the evidences 
of intoxication are less than in untreated cases. In many cases, within 
an hour or less after the administration of serum, there is a chill and 
a rise of temperature followed often by a sweat and an abrupt decline 
of the fever. A subsequent rise usually occurs and these phenomena 
may be repeated after each injection. 

Delayed resolution and empyema are as frequent in serum-treated 
cases as in the untreated ones, but serum therapy apparently minimizes 
the danger of sepsis, and even when it exists the organisms disappear 
from the circulation after the serum is administered. Immune bodies 
are present in the blood immediately after the first injection and they 
can be demonstrated throughout the course of the infection if repeated 
treatments are given. 

In brief, a serum has been prepared that is helpful in the treat- 
ment of pneumonia due to Type I pneumococcus, and the concentrated 
serum of Gay and Chickering '*” for disease due to Type II seems to be 
of some value. The way is paved for a serum therapy that may be 
useful in the treatment of an increasing number of cases of lobar 
pneumonia. 

VACCINE THERAPY.—Vaccines have been used extensively in the treat- 
ment of lobar pneumonia. The object of this procedure is to stimulate 
the production of protective substances, and though there is evidence 
that this occurs in experimental animals, it is doubtful if a similar 
effect will result when a relatively small number of organisms are intro- 
duced into a host that is already infected. Interesting statistics have 
been published by Stoner,!** Leary,?** Craig,'*° Eyre 1*1 and others, but 
objective evidence of benefit following treatment with vaccines is not 
available, and until it is forthcoming it is difficult properly to estimate 
the value of the method. At the present time the usefulness of the 
procedure is not established. 

Rosenow and Hektoen **? noted beneficial results following the in- 
jection of partially autolyzed pneumococci. Treatment with vaccines of 
sensitized pneumococci has also been recommended. 
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CHEMOTHERAPY.—The number of drugs heralded from time to time as 
the remedial agent of choice in the treatment of lobar pneumonia speaks 
for the absence of specificity on the part of those utilized. Guaiacol car- 
bonate, camphor, creosote, quinin, the iodids, antimony, the salicylates, 
digitalis, iron and numerous other preparations each has its champions. 
Each may have some value in the relief of symptoms; none is a specific 
curative agent. 

Boehncke’s *** observations on the prophylactic value of camphor in 
experimental pneumococcus infections have not been confirmed clini- 
eally. 

Morgenroth 1** +45 and his assistants noted that quinin and some of 
its synthetic derivatives protected mice against experimental infection 
with trypanosomes and discovered that a particular derivative of quinin 
—ethylhydrocuprein—possessed especially marked bactericidal action 
on the pneumococcus. Morgenroth showed this drug had not only great 
prophylactic value but marked curative properties as well in pneumococ- 
cus infections of mice, and obtained optimum results when it was ad- 
ministered in oil. Frinkel,1#® Moore,’*? Clough, Lapinsky ***° and others 
have confirmed these observations and ethylhydrocuprein or optochin 
has been used in the treatment of pneumococcus infections in men. 

Moore and Chesney '*® recommended, in a man of average weight, 
an initial dose of grains 7 (0.46 gram) and grains 214 (0.15 gram) 
every two and a half hours, until grains 2314, (1.5 grams) per twenty- 
four hours have been administered. From grain 0.37 to 0.4 (0.024 to 
0.026 gram) of optochin per kilogram of body weight is needed to render 
the blood bactericidal, and the dosage should be calculated on the basis. 
of the body weight. The drug is given until the symptoms of the dis- 
ease subside, unless toxic manifestations due to the preparation itself 
develop. These latter are apparently dependent upon the concentra- 
tion of optochin in the blood and are less likely to follow the use of 
repeated small doses. The action of optochin is cumulative. 

The ocular manifestations resemble those noted in amblyopia due to 
quinin, and they may appear after a small total dose of the drug. 
Mydriasis, dimness or loss of vision, contra-indicate further adminis- 
tration. In marked cases there is pallor of the retina and narrowing 
of the retinal vessels. Blindness may develop and persist for a week 
or more, and though central vision is restored contraction of the visual 
fields may be permanent. But one case of permanent blindness has 
been reported. 

The development of deafness is not a contra-indication to further 
treatment. 

The available statistics ‘‘show a marked lowering of the mortality 
rate in a fairly large series of cases of lobar pneumonia. The results 
in the treatment of pneumococcus meningitis have been less favorable, 
but in uleus corner serpens local applications of 1 to 2 per cent. aqueous 
solutions have been strikingly helpful.’’ **° 

Extensive experimental studies to determine the effect of other deriva- 
tives of cinchona have been made by Solis-Cohen * 152 and his as- 
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sistants. Though they demonstrated that quinin and its congeners possess 
some bactericidal action on the pneumococcus it was less than that of 
optochin. They were unable to establish an experimental basis for any 
beneficial action of these preparations. 


PROGNOSIS 


Pneumonia is always a serious disease and the prognosis must be 
a guarded one, for the apparently mild case may suddenly change for 
the worse and a manifestly severe case may as abruptly improve.'®? 

Wells,?** in an analysis of 233,730 collected cases, found a mortality 
rate of 18.1 per cent.; and in a later collection of 465,400 cases cal- 
culated a death rate of 20.4 per cent. This is the average in most large 
series of cases. The death rate varies between 20 and 60 per cent. _ 

Accurate prognosis is determined only after consideration of many 
factors, general and individual. 

Influencing Factors.—DoMINANCE oF TYPE oF PNEUMOCOCCI.—The 
severity and mortality of pneumonia vary greatly in different epidemics, 
regardless of location, physical conditions and of therapeutic procedure. 
These facts are frequently overlooked, and more than one season of 
mild disease with low mortality rate has led enthusiastic advocates of 
a mode of treatment to exaggerated claims for a therapia magna. It is 
possible that the variations in the mortality rate from year to year may 
be dependent upon the seasonal dominance of different types of pneu- 
mococci. 

AGE.—The age of the patient 1s another determinant of the outcome 
of the disease. In general, the death rate is especially high in infancy 
and early childhood; there is a diminished mortality rate between six 
years and the age of puberty, and an increasing death rate above the 
age of puberty. The maxima occur at the extremes of life, and in the 
older patients the large number of fatal results are due to complications 
and to the existence of arteriosclerosis or to other chronic disease, mani- 
fest or latent. 

SEx.—The death rate is higher in women than in men, as shown by 
Musser’s figures of 26.9 per cent. for women and 19.3 per cent. for men. 

Previous ATTAcKs.—The mortality is lower in those who have had 
one or more previous attacks of pneumonia. 

ALTITUDE.—The influence of altitude, long considered of importance, 
is recognized to be without influence on the course of the disease. 

Race.—The effect of race upon mortality is well shown by the statis- 
tics of the Johns Hopkins Hospital, by the studies of W. Kolle of pneu- 
monia in the South African negroes, by a consideration of the death 
rate among the negro mine workers of the Rand, and among the laborers 
in the Panama Canal Zone. In the latter the mortality was highest 
among those most recently arrived in the country. The greater death 
rate is probably due to the unhygienic living conditions of the negro, 
the frequent presence of cardiovascular disease, of aleoholism and of 
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syphilis as well as to a racial susceptibility to the disease. Jews and 
Italians have a smaller mortality, and according to the United States 
census reports, the mortality is higher in the foreign than in the native 
whites. 

CoMPLICATIONS.—The development of complications has a marked in- 
fluence on the outcome of an attack of pneumonia and the earlier they 
develop in the course of the disease, the more serious the outlook. 

Meningitis is almost uniformly fatal. Serous and serofibrinous 
pleurisy do not materially influence prognosis, but purulent pleurisy 
(empyema) has a higher death rate (35-40 per cent.). Acute endocardi- 
tis leads more often to a lethal result (60-70 per cent.) than does chronic 
endocarditis, and pericarditis, though less serious than the former, is a 
grave development (50-60 per cent. mortality). The occurrence of 
marked jaundice is a cause for concern. 

ASSOCIATION WITH OTHER DISEASES.—The influence of existing dis- 
eases on prognosis has been considered. It is most evident in individuals 
with valvular heart disease, chronic nephritis, diabetes mellitus, cir- 
rhosis of the liver, arteriosclerosis, alcoholism and in malignant disease. 

CLINICAL MANIFESTATIONS.—The clinical manifestations give valuable 
prognostic data. An insidious onset; marked hyperpyrexia (except in 
the very young); a very slight febrile reaction; a pulse rate of more 
than 125 beats per minute in adults; an enfeebled pulmonic second 
sound, gallop rhythm, cardiac arhythmia or signs of dilatation of the 
heart; a marked or abrupt fall of blood-pressure, especially if asso- 
ciated with an increasing tachycardia; periodic respiration or a respira- 
tory rate in adults of more than 50 per minute; extreme cyanosis ; marked 
toxic manifestations; persistent abdominal distention; a poor leukocytic 
reaction and the presence of pneumococcal sepsis are of unfavorable 
significance. In many cases, though the general condition of the pa- 
tient and the results of physical examination indicate a favorable prog- 
nosis, the results of blood cultures forecast conclusively an unfavorable 
outcome. The demonstration of more than a few colonies per cubic cen- 
timeter of blood, or the presence of Type I or Type II pneumococcus 
in the circulation is always of grave import as, too, is the demonstration 
of Friedlander’s bacillus or the Streptococcus mucosus. 

RELATION OF TYPE oF PNEUMococcUsS TO MorTALITYy.—The outcome 
of a given case of lobar pneumonia is influenced by the type of organism 
to which it is due, and though the severity of individual cases due to 
the different strains of pneumococcus varies, knowledge of the type of 
invading organism is of real prognostic value. 

The statistics of the Hospital of The Rockefeller Institute show that 
the mortality of Type I infection is 25 per cent.; of Type IT infection, 
about 32 per cent.; of Type IV infection, about 16 per cent.; and of 
infection due to Type III, 45 per cent. Types I and II, the etiological 
agents in over 60 per cent. of the cases included in this series, were 
responsible for about 62 per cent. of all deaths in the cases observed. 

LOCATION AND EXTENT OF CONSOLIDATION.—These factors have an in- 
fluence on the outcome of the disease. Involvement of an entire lung 
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is more fatal than disease of a single lobe; consolidation of an upper lobe 
has a higher death rate than consolidation of a lower lobe; pneumonia 
of the right side has an apparently greater mortality than pneumonia 
of the left side. These facts are admirably illustrated by the tabulated 
statistics of Sears and Larrabee: 


One: 100 g2-.2554 ewan de wa eee ee 31 per cent. 
TWO: 10DC8 ias:4¢hcddn ae se saneneaes 38.2 per cent. 
Three lobes. s:4.6442 6065 Sani cates 59.0 per cent. 
Four ODES 6. sigen Serre eset ere smpanace gate 62.5 per cent. 
Five lobes seeiii nick ccaaeeasesene 100.0 per cent. 
Double pneumonia ................. 42.5 per cent. 


as well as by Preble’s tables: 


Right upper lobe.................. 20.0 per cent. 
Right middle lobe.................. 14.7 per cent. 
Right lower lobe.............ee008. 17.2 per cent. 
Right lane 2%: s4shates sees ce 42.0 per cent. 
Dete Upper sos. ceded wanes 18.9 per cent. 
Lett 1OWer vcore cae aieawdan estas 14.4 per cent. 
elt une as os ends etree eee se * 27.1 per cent. 
BODAN : o0 ese ene kn evaevaeahe Ss 36.2 per cent. 
BStCLOL 224 kia dwweieowkas tases daws 30.0 per cent. 


Modes of Death.—Over 50 per cent. of the deaths occur between the 
fifth and the twelfth day of the disease. Sudden death may occur dur- 
ing the course of the disease or after convalescence has been established, 
due to sudden dilatation of the heart, to cardiac or pulmonary throm- 
bosis. An abrupt termination may happen independently of the ap- 
parent severity of a given case and without relation to the extent of 
the pulmonary involvement. 

Often the fatal result is foretold by a period of cardiac decompensa- 
tion or by signs of increasing toxemia. More commonly, certain un- 
toward symptoms herald the coming end. As early as the first day— 
most often at the height of the disease and uncommonly during con- 
valescence—a patient who has been doing well may develop stupor, 
delirium, increasing polypnea, dyspnea and cyanosis, an increasingly 
rapid and weakened pulse or cardiac arhythmia. Signs of collapse ap- 
pear with clammy skin, exhaustion, evidences of pulmonary edema, pro- 
found intoxication and a rise or fall of temperature just before death 
occurs. Death of this type is probably due to the development of pneu- 
mococeus sepsis or to an advancing infection of the lungs.?®* 

The clinical syndrome known as ‘‘vasomotor collapse,’’ characterized 
by evidences of marked vasodilatation, has been shown experimentally 
to be independent of exhaustion of the vasomotor center. The expla- 
nation for this complex is not established but it may be due to an undis- 
covered general infection. 

Only when the making of repeated blood cultures in lobar pneumonia 
is established as a routine measure will there come an accurate and gen- 
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eral realization of the importance of sepsis as a cause of death in this 
disease. 

Duration.—The duration of the disease varies considerably. The 
average duration of uncomplicated cases is from six to twelve days 
and it is rarely longer than three weeks. Abortive attacks are not un- 
common, and true one-day pneumonia is occasionally seen. When com- 
plications occur, the course may be unusually protracted, especially in 
eases of delayed resolution, organizing pneumonia, pneumonia migrans 
and empyema. 

In cases of sepsis, death may occur on the first day before the signs 
of pulmonary consolidation are manifest, but as a rule it does not occur 
before the fourth to fifth day. 

Termination.—The febrile stage ends by crisis in over 50 per cent. 
of the cases, but though with the critical defervescence the subjective 
symptoms usually subside, signs of resolution do not appear immediately 
and an appreciable period elapses before the leukocytie curve and the 
excretion of urinary chlorids return to normal. In about a third of the 
cases the fever terminates by lysis or by retarded crisis. 

Following crisis, there is often a short period of hypothermia that 
is of no significance unless it is prolonged and accompanied by tachy- 
cardia, when it may be indicative of exhaustion. 

In typical crises the temperature reaches normal within 6 to 20 hours; 
but atypical crises occur, and 24 to 40 hours elapse before defer- 
vescence is established. 

Pseudo-crisis is distinguished from true crisis by a recrudescence of 
fever after it has reached normal and remained so for several hours. 
It is usually followed by crisis within a day or two. 

Termination by lysis is more common in some epidemics than in 
others and occurs more often in protracted cases, when complications 
have developed, in mixed infections, and in those with other acute or 
chronic diseases. 

Relapse.—True relapses are rare in lobar pneumonia and it is in the 
abortive short-term cases that they are most likely to develop. The term 
should be used to describe those cases in which, after defervescence has 
been established and signs of resolution have appeared, evidence of a 
reconsolidation of the affected lung tissue develops with a recrudescence 
of fever. Several relapses, each usually of short duration, may occur. 

The term ‘‘recurrent pneumonia’’ is used to designate a second at- 
tack of the disease after an appreciable period of freedom from symp- 
toms. 


PATHOLOGY 


Anatomically lobar pneumonia is characterized by inflammatory 
changes which take place in the lung, due to the action of pneumococci. 
These changes develop in a continuous sequence and it must not be in- 
ferred that, because traditionally these changes are divided into several 
stages, they are distinct or inherently different processes. For con- 
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venience of description the pathological processes are divided into a stage 
of engorgement, of red hepatization, of gray hepatization and of reso- 
lution, but it is rare to find solely the lesions characteristic of a given 
stage. 

StTaGE OF ENGORGEMENT.—This is the earliest manifestation of pneu- 
monitis and is rarely seen at autopsy, except when a pneumonia is spread- 
ing or when the patient dies from some other cause than the pneumonia. 
The change is vasodilation with engorgement of the lung parenchyma 
and the exudation of serum with a few red corpuscles and leukocytes 
into the alveoli. The lung at this stage is deep red in color, its 
volume greater than normal; but though it is of increased firmness it 1s 
air-containing. The cut surface exudes a bloody serous material and 
microscopical examination shows engorged, distended capillaries, ar- 
teries and veins, swollen alveolar epithelium and coagulated serum with 
a few blood-cells, red and white. Fibrin is present but is inconspicuous. 
This stage of inflammation lasts but a few hours before red hepatization 
develops. 

STaGE OF Rep HEpaTiIzATION.—In this, the second stage of hepatiza- 
tion, the involved lung is reddish-brown in color, voluminous, heavy, non- 
air-containing, and sinks when immersed in water. The surface has 
lost its normal sheen and is lusterless, often covered with a layer of 
fibrinous exudate. When sectioned it is found to be friable, firm, airless, 
and the cut surface is dry and very granular in appearance. When 
scraped with a knife very little moisture is expressed, but fibrinous plugs 
from alveoli and bronchi often rise above the surface. These vary 
greatly in diameter, depending upon the age of the patient and upon 
the presence or absence of antecedent emphysema. 

On microscopical examination, the alveoli are seen to be distended 
with an inflammatory exudate very rich in fibrin, pneumococci, red cor- 
puscles, leukocytes, desquamated alveolar epithelial cells, and often 
numerous wandering cells or lymphocytes. The fibrin is present as a net- 
work, in the meshes of which the cellular elements are trapped. The 
very distinctive feature of this stage, in addition to the amount of 
fibrin, is the freshness of the exudate and the preservation of the cells. 
The red cells are more numerous than in the later stages, are intact, 
clearly outlined, and show no evidence of hemolysis. The leukocytes are 
predominantly of the polymorphonuclear neutrophilic variety and often 
show engulfed pneumococci. 

The alveolar walls, the peribronchial and perivascular tissues are 
edematous and infiltrated with leukocytes. The smaller bronchi may be 
plugged with fibrinous exudate. The blood-vessels may be patent, often 
they are compressed, and they may be occluded by thrombi. The 
lymphatics are distended with serum, fibrin and leukocytes. 

Stace or Gray HeEpatizaTion.—In the stage of gray hepatization the 
color has changed to reddish-gray or gray. The lung is still enlarged, firm 
and non-air-containing. The surface is covered by a thick plastic exudate 
that can often be peeled off in layers from the adherent lung underlying 
it. The cut surface is mottled, the variations in color doubtless due to 
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the laking of the red cells and the metamorphosis of the discharged 
hemoglobin. The tissue is more moist and a turbid fluid can be ex- 
pressed from it. It is also less friable and is less granular in appear- 
ance. 

On microscopical examination the alveoli are found closely packed 
with an exudate that consists mainly of polymorphonuclear leukocytes, 
pneumococci, both extracellular and intracellular, with relatively less 
fibrin and fewer red corpuscles. Especially distinctive of this stage, in 
contrast to that of red hepatization, is the cellular richness and the de- 
generation of the cellular elements of the exudate. Very few intact red 
corpuscles are found, but the shadows of the laked cells are seen. The 
leukocytes likewise show marked disintegration and some contain fat 
droplets and blood-pigment as well as pneumococci. In this, as in the 
preceding stage, fibrin threads may be seen passing through the alveolar 
walls through the so-called ‘‘ pores of Cohn,’’ and an occasional megalo- 
karyocyte may be found within the alveolar capillaries. The fibrin is 
often granular by this time and the desquamated alveolar epithelial 
cells are numerous. 

The capillaries of the alveolar walls are often extensively plugged 
with fibrin (Kline and Winternitz)—a factor that may be of importance 
in the process of resolution. 

STAGE OF RESOLUTION OR PURULENT SOFTENING.—lIn this stage the en- 
larged lung is soft, friable, curiously translucent and jelly-like. This 
condition is rarely seen at autopsy, except in cases of pneumonia migrans 
and when death has resulted from an intercurrent infection. The strik- 
ing finding on microscopical examination is the very advanced disinte- 
gration of the cells of the exudate, which are often quite fatty. Occa- 
sionally, marked phagocytosis is seen and there may be evidences of epi- 
thelial repair. The exudate is liquefied by the action of proteolytic en- 
zymes furnished by the leukocytes, and the bulk of the inflammatory 
material is removed by absorption. 

The stage of repair, of restoration of the alveolar epithelium after 
the removal of the exudate is even more rarely seen. It is remarkable 
how little involvement of the lung tissue itself occurs in pneumonia. The 
entire process seems to occur in the alveolar spaces and involves only the 
superficial epithelium of the air spaces, so that the complete restoration 
of the lung is readily brought about after the inflammation subsides. 

Organization or carnification of the exudate may take place in ex- 
ceptional cases. The exudate, instead of undergoing resolution and ab- 
sorption, is invaded by blood-vessels and fibroblasts, with resulting fibro- 
sis of the lung. The cells of the alveolar walls proliferate, new connec- 
tive tissue grows into the exudate, capillaries form and a new fibrous 
tissue replaces the inflammatory tissue. The lung is now firm and 
elastic, reddish-brown in color and often covered with dense fibrous 
adhesions. When the exudate is thus replaced, the lung is essentially 
functionless and the condition is variously described as an organizing 
pneumonia, chronic interstitial pneumonia, pulmonary fibrosis or car- 
nification of the lung. 
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Abscess formation is rare. Multiple small abscesses are the rule, 
though occasionally a single large subpleural one with very irregular 
outlines is formed which may perforate into the pleural cavity and 
cause a pyopneumothorax. 

Gangrene is also a rare accident of resolution. It results from necro- 
sis of the lung, usually due to secondary infection with putrefactive 
bacteria. 

Distribution of the Changes in the Lungs.—The right lower lobe is 
the site of the pneumoniec process more often than the left, and both 
lower lobes are less often affected than one alone. When two lobes are 
involved, the disease usually affects both lower lobes, though it may in- 
volve two lobes of one lung or the upper lobe of one and the lower of 
the other, or both upper lobes. An entire lung may be involved and 
rarely the changes are limited to an apex. The unaffected lung is 
often congested and the portions of the diseased lung adjacent to the 
consolidated area may be edematous. The larger bronchi show con- 
gestion of the mucous membrane and contain frothy mucoid or serous 
material, and fibrinous casts of a bronchial tree may be found. The 
bronchial lymph glands are swollen and are often quite soft. 

Lesions in Other Organs.—The most common finding, apart from 
those already described, is dilatation of the right side of the heart. The 
right auricle and ventricle are usually filled with a tenacious clot, the 
like of which is rarely found in other diseases. There is cloudy swelling 
of the other viscera and in about half of the cases the spleen is appre- 
eiably enlarged. 


HISTORICAL SUMMARY 


Pneumonia was known to the ancients, and admirable descriptions 
of the disease are found in the writings of Hippocrates and Aretrius. 
The idea was general that all painless disorders of the chest were due 
to ‘‘peripneumonia’’ and it was not until the early eighteenth cen- 
tury that pneumonia and pleurisy were recognized as distinct maladies. 
This differentiation dates from the time when the study of pathological 
anatomy became a scientific practice, and more particularly from the 
time of Morgagni (1682-1771). Morgagni laid the real foundation of 
modern pathology and it was he who recognized the manifestations of 
pneumonia to be the result of solidification of the lungs. Baillie (1761- 
1823) designated the pulmonary change, ‘‘hepatization,’’ and furnished 
the ground work for the epochal contributions of Auenbrugger (1722- 
1809) and of Laennee (1781-1826), whose observation led to the recog- 
nition of the disease by the use of methods of physical diagnosis and 
in turn made possible Rokitansky’s differentiation between lobar and 
lobular pneumonia. 

From this time until the late nineteenth century no great contri- 
bution was made except the elaboration of the physical signs and symp- 
toms of the disease and the better recognition of the condition. 

In 1874, von Jurgensen advanced the idea that pneumonia was an 
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infectious disease due to a specific cause, basing his hypothesis largely 
upon the apparent incongruity between the local lesion and the severity 
of the systemic manifestations. Then came the era of bacteriology, the 
resolution of clinical complexes into etiological entities and the definite 
proof of the validity of Jurgensen’s view. 

Friedlander, in 1883, recovered an organism from pneumonic exu- 
date with which he produced experimentally pleuropneumonia in mice 
and guinea pigs. He termed this organism the ‘‘pneumococcus’’ but 
subsequently it was identified as an encapsulated bacillus and a very 
unusual cause of lobar pneumonia. 

In 1880 Sternberg, Surgeon-General of the United States Army, 
and Pasteur independently described the organism generally responsible 
for lobar pneumonia, but neither recognized its specific pathogenic prop- 
erties. 

To A. Frankel (1884) is due the credit of establishing the pneu- 
mococcus as the causal agent of lobar pneumonia. He isolated it from 
the sputum of pneumonic patients, noted its regular presence in the 
pulmonary exudate and, with pure cultures, infected mice, guinea pigs 
and rabbits. 

Frankel’s observations were confirmed shortly by Weichselbaum, 
who noted the occurrence of the pneumococcus in the blood and organs 
of a large series of cases in man; and subsequent routine examinations 
have completely established the validity of his observations. 

With the further development of bacteriological investigation came 
the knowledge that lobar pneumonia may occasionally result from in- 
fection with Friedlander’s bacillus or streptococci and rarely may be 
due to other organisms in the absence of the pneumococcus. 

The succeeding twenty years brought refinements of the methods 
of diagnosis, the more general use of cultures of blood and sputum, 
immunological studies and futile efforts to discover a specific therapy. 
It was not until the beginning of this century that the path was blazed 
for the very modern procedures that are modifving our ideas of etiology 
and epidemiology of the disease and that are furnishing accurate prog- 
nostic data and a basis for a specific serum treatment. 

Neufeld’s subdivision of pneumococci into biological subgroups and 
the confirmation and extensive elaboration of his work by the workers 
at the Hospital of The Rockefeller Institute are of fundamental im- 
portance. Details of these observations are given in other sections of 
this article, but it should be stated here that, due to the discoveries of 
these investigators, the disease pneumonia is now better understood, 
knowledge of its mode of spread is more definite, prognosis is less proble- 
matical and the chances for the control and cure of it are greatly 
enhanced. 
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Definition.—Cerebrospinal fever is a febrile, infectious disease caused 
by the meningococcus, a Gram-negative diplococcus present in the naso- 
pharynx of many well people, but also capable of invading the lepto- 
meninges in sporadic cases and in epidemics, and of producing a purulent 
meningeal inflammation with the more or less characteristic symptoms 
and signs of the disease. These are commonly fever of comparatively 
sudden onset, headache, stiffness of the neck, vomiting, prostration, leuko- 
eytosis, generalized tenderness, photophobia, mental clouding, irregular 
respiration, herpes and an eruption most frequently hemorrhagic 
(not disappearing on pressure). The first three of these symptoms, 
fever, headache and stiffness of the neck, are usual, the others less uni- 
form; many cases of the disease may be seen before one ‘s found with 
an eruption other than herpes. 

The disease has been called by other names: cerebrospinal meningitis, 
epidemic cerebrospinal meningitis, epidemic meningitis, typhoid menin- 
gitis, malignant meningitis, meningococcus meningitis, meningococcus 
sepsis, meningococcus infection, spotted fever, petechial fever, black 
fever, jail fever, hospital fever, brain fever, spinal fever, tetanoid fever 
and epidemic cephalalgia. The term cerebrospinal fever is preferred as 
indicating a disease entity, apart from any necessary anatomic localiza- 
tion, and at the same time emphasizing the usual site of attack. Thus 
it is coming to be recognized that the disease may occur without a menin- 
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gitis, yet with other symptoms and findings sufficient to establish its 
identity. This would invalidate the first six of the names in the above 
list. The term ‘‘epidemic meningitis,’’ moreover, fails to take account 
of the ordinary sporadic cases. ‘‘Cerebrospinal meningitis’’ has been 
used by some in a broader sense, to include any inflammation of the 
cerebral and spinal meninges. ‘‘Meningococcus infection’’ and ‘‘menin- 
gococcus sepsis’’ are proposed by those who emphasize the systemic na- 
ture of the disease, yet these do not exclude such purely localized infec- 
tions with the meningococcus as a conjunctivitis, an arthritis, or possibly 
a pharyngitis—infections which, though caused by the same micro- 
organism, cannot be identified with the general disease. The other 
names are too indefinite and too little used at present to deserve more 
than the comment that their use should be entirely given up. The term 
‘spotted fever’’ is especially obnoxious on account of its emphasis on 
an unusual symptom and its confusion with typhus, Rocky Mountain 
spotted fever, and with other eruptive diseases. Though still contending 
for a place with the infectious diseases in the International Classifica- 
tion of Causes of Death, the disease is listed as ‘‘Cerebrospinal Fever’’ 
in the 1918 American edition, and in the Bellevue Hospital Nomenclature, 
1911 edition. 

Etiology.— EpmEemioLocy.—Prevalence.—In the absence of epidemics 
of cerebrospinal fever, the prevalence of the disease is to a considerable 
extent masked by confusion in diagnosis and in morbidity or mor- 
tality reports with other forms of meningitis. The non-epidemic inci- 
dence in American localities may be expected to be less than 25 cases 
per 100,000 population per annum, with all cases accounted for, and 
outbreaks in large population centers do not usually go above five times 
this rate. Counting only a small group of inhabitants, such as a vil- 
lage or rural district, an outbreak may be so intense as to reach a 10 
per cent. rate (10,000 per 100,000) per annum, but this is very rare. 

Cases of cerebrospinal fever occur in all large communities through- 
out the year, but the characteristic seasonal prevalence is in late winter 
and spring, the epidemic and endemic peaks both occurring, as a rule, 
in January, February, March, April or May in the Northern Hemi- 
sphere, and in July, August, September, October or November in the 
Southern. 

The disease is encountered both in the tropics and in the arctic re- 
gions, and records exist of outbreaks in all civilized countries, particu- 
larly in those of the north temperate zone. There have been more epv- 
demics and a heavier sporadic incidence im the United States than in 
any other nation. This is especially striking if the European military 
epidemics be omitted from the calculation. It has long been noted that 
the assembling of troops in barracks gave rise to conditions which pro- 
moted the development of cerebrospinal fever, and many of the Euro- 
pean outbreaks have been due to these conditions. The Hnglish epi- 
demics of 1915, 1916 and 1917 were primarily military, for although 
considerably less than half of the 1915 cases occurred among soldiers, 
the civilian outbreak was by far more intense in those sections of the 
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country where troops were quartered than elsewhere. The French army 
in the active zone, out of about 2,500,000 men each year, had 1,073 cases 
in 1915, 451 in 1916, and 409 in 1917. The complete figures for the 
American army are not yet available, but the heaviest incidence was 
in the training camps in this country, particularly in Camp Jackson, 
Camp Beauregard, and Camp Funston, the annual rate for the first 
being about 1,500 per 100,000 per annum; for the second, about 750, 
and for the third, about 500. 

Though the sharpest outbreaks of cerebrospinal fever are not in large 
cities, the heaviest incidence, both epidemic and sporadic, is ix urban 
communities rather than in rural. It is thus somewhat more charac- 
teristically a disease of cities than is poliomyelitis, which it resembles 
in many other ways. The meningitis outbreaks may be diffused over 
a rather wide area, but they are more commonly sharply limited and 
without obvious radial spread from epidemic centers. Such spread as 
occurs is usually by leaps, and irregular. 

The greater prevalence among males than among females, usually 
shown in statistics, 1s without special significance, since men are as- 
sembled in large groups, such as armies, which are particularly prone 
to be attacked, and since practically all diseases which have a predilec- 
tion for the very young are more frequent and more fatal in males. 
A greater number of male than of female babies are born, but the former 
die much more rapidly (Nichols, 1907). 

Cerebrospinal fever is an infection of youth. About half the cases 
may be expected to be five years of age or under; the disease is more 
fatal in infants than in older children, and it is not improbable that 
many cases are undiagnosed on account of the equivocal signs in the 
very young. Cases may occur in the eighth decade of life, or at birth 
(Koplik, 1916; Sedgwick, 1915; Dandy and Blackfan, 1917), and in some 
epidemics the incidence is heaviest during later childhood or early adult 
life. It is interesting to note, however, that even in an English mili- 
tary area, where the gross morbidity indicated that the soldiers were 
the most susceptible, when the number of cases was compared with the 
number of individuals of each age group living in the area, it was found 
that the incidence was heaviest among the very young children. 

Predisposing Causes—The influence of age and of the assembling of 
large bodies of men, as in barracks, has been noted. In regard to the 
latter, two considerations may be of importance: intimate contact, as 
assisting in the transference of infection, and the imposition of unac- 
customed tasks, as tending to decrease the resistance of the individual. 
Outbreaks do not occur among young men assembled at the beginning 
of a college year, but here physical toil is not a factor. Though epi- 
demics have occurred among resting veterans, a large proportion of 
the military outbreaks have followed actual fatigue (Hirsch, 1886), 
especially in the case of recruits. The question of overcrowding has 
been brought to the attention of the English particularly, and Glover 
(1918, 2) has advised that beds in cantonments be at. least two and a 
half feet apart. In the American navy, the factors of fatigue and ex- 


86 CEREBROSPINAL FEVER 


posure to cold have appeared to be of more importance than infection 
(Mink, 1918; Short, 1918) in determining the incidence of the disease 
in individuals. Cold and damp weather is thought to predispose to epi- 
demics of meningitis, and attacks In some places have been said to have 
been preceded by ‘‘colds’’ or ‘‘influenza.’’ It is certain that many out- 
breaks have not been correlated with particularly low temperatures or 
high humidities, and that no noteworthy rhinitis has preceded the greater 
number of cases. 

An interesting observation has been made by Symmers (1918) that 
patients with status lymphaticus are prone to be attacked by a fatal 
form of cerebrospinal fever; 60 per cent. of the necropsies on cerebro- 
spinal fever cases at Bellevue Hospital revealed status lymphaticus, 
while the incidence of the condition in necropsies on cases other than 
cerebrospinal fever was 8 per cent. The cases were fairly evenly divided 
among the different age groups. A similar predisposition was noted in 
Westenhoeffer’s Silesian series of 29 necropsies. 

Manner of Spread.—Cases of cerebrospinal fever usually occur, both 
sporadically and in epidemics, without demonstrable direct contact with 
other cases; spot maps show a scattered distribution throughout the 
localities affected. Doctors, nurses, or other patients do not ordinarily 
contract the disease from cases in hospitals. It is rare for more than 
one case to occur in a family, and instances of such occurrence are 
as likely to indicate simultaneous infection as infection of one case 
from another. In intense outbreaks familial and house distribution 
occurs; thus in Alexandria, Louisiana, eight cases and four deaths oc- 
curred in a family of nine, the father alone escaping. This was the 
neighboring town to Camp Beauregard, where a very fatal epidemic was 
in progress. 

The explanation of this seemingly peculiar, but in fact not unusual 
distribution of an infectious disease, presumably spread by contact, lies 
in the evidence that carriers of the meningococcus are much more numer- 
ous than actual cases of the disease, and that the proportion of people 
who are ordinarily susceptible to the disease is very small. 

Largely on the basis of German studies, it had been assumed that 
in the absence of epidemics, carriers were almost nil. English and 
American experience, and more recent German work, have indicated that 
even with material drawn from places where little or no cerebrospinal 
fever was occurring, the percentage of carriers might be 0.7 per cent. 
(Short, 1918), 1 per cent. (Bassett Smith, 1917), 2 per cent. (Mayer, 
Waldmann, Furst, and Gruber, 1910), 2 per cent. (Flack, 1917), 7 per 
eent. (Kutscher, 1906), 8 per cent. (Lewis, 1917), 10 per cent. (Griffith, 
1916), 13 per cent. (Ponder, 1917), 14 per cent. (Scott, 1916), or even 
20 per cent. (estimate of Fildes, 1918). Results are practically uni- 
form that among ‘‘non-contacts’’ in epidemic areas, and particularly 
among ‘‘contacts’’—i.e., persons who have recently been in close contact 
with actual cases of the disease—the proportion of carriers is higher 
than in persons from non-epidemic areas; it is also shown that the car- 
rier rate generally rises at the season of the year when meningitis is 
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most likely to be prevalent, and that conditions of overcrowding increase 
the carrier rate. 

The actual manner of spread is therefore assumed to be usually by 
droplet infection from carrier to carrier, and finally to a susceptible 
individual who develops the disease. 

BACTERIOLOGY.—Morphology.—The meningococeus, called at first 
Diplococcus intracellularis meningitidis, is an organism easily stained 
by the ordinary basic aniline dyes, but losing the stain when decolorized 
by Gram’s method, and taking the counterstain instead. It disintegrates 
or autolyses very easily and except in smears from fresh young cul- 
tures may be seen in a variety of sizes and intensities of staining reac- 
tion; its Gram-negative nature is constant, when the staining and de- 
colorization are properly performed, and serves to distinguish it from 
all other intact organisms (except Pfeiffer’s influenza bacillus) which 
are commonly found as causes of meningitis. Other cocci, properly 
Gram-positive in young cultures, may show Gram-negative forms when 
older or when injured in any way. A satisfactory method of applying 
Gram’s stain is to stain the smear with active carbol gentian- or 
methyl-violet for three minutes without heat, pour off the stain, apply 
the iodin-potassium iodid solution for one minute, pour off, or blot, 
decolorize by allowing successive drops of absolute alcohol to flow over 
the slide till the color comes out—this should not require more than 
two minutes with a thin smear—wash in water, and counterstain for 
only fifteen seconds with saffranin or with a one-in-ten dilution of carbol- 
fuchsin. It is well occasionally to control this stain by smears, on the 
same slide, of a known Gram-positive organism such as the diphtheria 
bacillus from an 18 to 24-hour culture at one end of the slide, and a 
known Gram-negative organism such as the typhoid or colon bacillus at 
the other. 

Meningococci in fresh cultures are medium-sized oblong or kidney- 
shaped cocci, arranged in pairs with the broad side of each coccus facing 
the other coceus of the pair. Tetrads are frequently seen, but chains 
are unusual. In smears from the spinal exudate and from other sites of 
pathological invasion, the cocci are commonly, but by no means uni- 
formly, found within polynuclear leukocytes. The predominance of free 
cocci is taken as a bad sign, since as cases progress toward improvement, 
the cocci become entirely intercellular. 

Cultures.—In cultures the meningococcus, like the gonococeus which 
it resembles, prefers the enrichment of the medium with some animal 
fluid, and when first isolated will hardly grow without such enrichment. 
The media proposed, some containing serum or blood, and some without, 
have been very numerous. Growth on ascitic agar is usually prompt, 
the larger colonies reaching two millimeters or more in diameter in 
twenty-four hours, and presenting a rounded, moist appearance with 
smooth, well-defined edges; the color is a translucent gray at first, be- 
coming whitish or slightly yellowish or brownish as the growth becomes 
more profuse, but showing no pronounced color with age; this cul- 
tural appearance is not always present (Conti. 1918). Moistness and 
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freshness of the medium, with maintenance of a constant temperature, 
are requisites of success in growing meningococci. The organisms will 
not usually survive drying out, or any considerable fluctuations in tem- 
perature. Absence of growth at 23° C. has been held as one of the 
criteria for identifying the meningococeus. Ordinarily the meningococcus 
must be rather frequently transplanted to survive prolonged cultivation. 
Typically the coccus ferments glucose and maltose but not saccharose, 
and this, together with its cultural characteristics as given above, serves 
to differentiate it from other Gram-negative cocci as a rule. The varia- 
tion in intensity of these fermentations, together with variations in the 
media used, adds an element of uncertainty to such differentiation ; 
provided the sugars are pure, the variation is in the direction of dimin- 
ished fermentative power, rather than of increased. 
Serology.—Serologically meningococci do not behave entirely as a 
unit, but show differences among themselves and resemblances to such al- 
lied organisms as the gonococecus. By agglutination Elser and Huntoon 
(1909) found marked differences in degrees of reaction, some strains 
being relatively inagglutinable. Arkwright (1909), from twenty-five epi- 
demic and twenty sporadic strains, made more than three groups and 
subgroups. Dopter’s parameningococcus (1909, 3) was the first gener- 
ally recognized variant, and Dopter and Parron (1914) have since noted 
two other variants, calling the four groups meningococcus, parameningo- 
coccus alpha, parameningococcus beta, and parameningococcus gamma. 
The term ‘‘parameningococcus’’ is an unfortunate one, since any of 
the varieties given that name might as justly be called meningococcus 
as the original strain. Ellis (1915), of the Canadian forces in France, 
found two broad agglutinative groups, and a similar grouping is found 
by the workers of the English Local Government Board (Eastwood ; 
Griffith ; Scott, 1916 and 1917; Ponder, 1917), though as many as five or 
six subgroups might be recognized within a single broad group. In the 
hands of almost all workers, by far the greater part of the strains ex- 
amined correspond more or less closely to one of two types. By the 
use of rapidly prepared monovalent rabbit serum for agglutination, and 
also by the absorption of agglutinins, Gordon and his co-workers in and 
from the Central Cerebrospinal Fever Laboratory of the Royal Army 
Medical College differentiated types I, II, III and IV as responsible 
for practically all of the meningitis among the English forces during 
1915 and 1916. Using rapid agglutination at room temperature in- 
stead of the standard method of agglutination at 55° C. overnight, 
Nicolle, Debains and Jouan (1918) divided their strains into groups 
A, B, C and D, which they said corresponded, but not exactly, with 
Dopter’s meningococcus, and paras alpha, beta and gamma respectively ; 
they also found Gordon’s types I and IIT falling in their A group, and 
II and IV in the B group. Correlations of these various European group- 
ings among themselves and with the common American division (Amoss, 
1917) into normal or regular, irregular and para strains have not been 
uniform and satisfactory, so that it is not possible to say that a given 
group in one system corresponds fully and completely with any group 
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in another system. There are many cross relations and overlappings 
between groups; complement-fixation has in general given broader, less 
sharply specific reactions than has agglutination. A sharper degree of 
subdivision is possible by absorption of agglutinins than in any 
other way, but the practical significance of such subdivision may be 
questioned. 

It has been shown that meningococci may be classified on the basis 
of their reaction to phagocytosis with specific sera. 

The tropin group R corresponds roughly with Gordon’s agglutinative 
types J and III, tropin group 8S with agglutinative Type II, and there 
are at least three other tropin groups, T, U and Z. There is some indica- 
tion that the prevalent types are changing so that the sera for intraspinal 
therapy should be maintained representative of the various types en- 
countered. This is done for American sera. 

These considerations are of importance as regards the definition of 
the meningococcus when a Gram-negative diplococcus similar to the 
meningococcus is found in the nasopharynx, and as regards the poly- 
valency of serum to be used in the treatment of the disease (McCoy, 
1918). American sera are required to have a broadness of action suffi- 
cient to cover all strains ordinarily encountered. 

Experimental Research.—Some points in the proof that the meningo- 
coccus is the cause of cerebrospinal fever are lacking, but the evidence 
is so overwhelming as to be conclusive. The attempt by Hort to in- 
criminate a filterable virus, although recent, has now only the his- 
torical interest which attaches to the former confusion of the pneumococ- 
cus with the meningococcus, and to the assignment by Jaeger and 
others of an etiological réle to other, Gram-positive, cocci which we now 
look upon as contaminations. Though the meningococci are sometimes 
not to be found, the uniformity of the presence of cocci answering the 
description of meningococci in the spinal fluid of epidemic cases is too 
great to explain on any other grounds than that they actually cause the 
disease. Meningococci are irregularly pathogenic when injected intra- 
peritoneally into certain animals, particularly young guinea pigs and 
white mice. Subdural injections have caused meningitis in rabbits, 
dogs, a goat, and monkeys, but such direct inoculation does not prove 
the elective localization which the meningococcus must show in human 
infection. Intraspinal inoculation of monkeys enabled Flexner to fol- 
low the action of antimeningococcic serum and gave a great stimulus to 
the use of the latter in human cases. Austrian (1918) succeeded in 
producing a typical fatal meningitis in three out of twenty rabbits in- 
oculated intravenously with meningococci by giving a simultaneous 
intraspinal injection of normal rabbit serum. Weed, Wegeforth, Ayer 
and Felton (1919) have similarly caused the meningeal localization of 
Bacillus mucosus capsulatus injected into rabbits intravenously, merely 
by withdrawing spinal fluid through a lumbar puncture. 

PATHOGENESIS.—There is no reason to doubt that the meningococcus 
reaches the body, and leaves the body, by way of the nasopharynx, where 
it is commonly found. That the meninges are invaded by direct exten- 
sion through the ethmoid or sphenoid, as urged by Weigert and by 
Westenhdffer, is open to serious question. The regions of favorite locali- 
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zation at the base of the brain are not actually in relation with the naso- 
pharyngeal sinuses, though thought at first to be so, and there is no 
communication between the lymphatics of these sinuses and the cere- 
brospinal system. The subarachnoid space with the ventricles and the 
perivascular and perineural spaces of the brain and cord form a closed 
sac, and lymph spaces are not found; cerebrospinal fluid takes the place 
of lymph within that part of the central nervous system which is en- 
closed by the dura mater. The experiments just related of Austrian, 
and of Weed, Wegeforth, Ayer and Felton suggest that the meninges 
are invaded by way of the blood, and this coincides with the occasional 
positive blood cultures early in the disease. It must be stated that 
the meningococci apparently do not as a rule multiply in the blood 
stream so as to constitute a true septicemia, but that they quickly seek 
their natural pathogenic habitat, the meninges, though other sites of 
lessened specific resistance are occasionally found. That the meningococ- 
cus has a relatively low pathogenetic intensity is shown by the fact 
that it is the only known pathogenic bacterium which can infect the 
meninges without producing practically 100 per cent. fatality. 

It has been frequently held that the harmful effects of the meningococcus 
are due to “endotoxins,’”’ or poisonous bodies bound up with the bacteria 
themselves. Certainly autolysates, and various products formed by the 
disintegration of the microérganisms, may be very toxic. Whether the 
bodily defenses which overcome the disease are chiefly directed against such 
toxic products or against the living cocci is not known. Of the anti- 
bacterial forces, those known as bacteriotropins or opsonins, which 
promote the phagocytosis observed to be coincident with recovery, are 
of prime importance. There is no doubt that the factors of individ- 
ual resistance or susceptibility weigh more heavily in determining 
whether or not an attack will take place than does the matter of chance 
infection. 

Symptomatology.—Ciinicat History.—Period of Incubation.—Our 
former ideas of a more or less definite period of incubation for each in- 
fectious disease have undergone some modification of late. In general, 
the more highly contagious the disease, the more definite the period of 
incubation, and cerebrospinal fever being of a low degree of infectivity, 
its period of incubation is variable and uncertain. The experience with 
military tetanus, for example, hag demonstrated that the infecting or- 
ganism may long lie dormant in a healed wound, to be stirred into activity 
by a subsequent operation or even by therapeutic exercises. So it is 
believed in some quarters that every case of cerebrospinal fever is 
first a carrier of the meningococcus in his nasopharynx, and that by a 
breaking down, perhaps temporary, of the barrier of defense, the coccus 
is enabled to invade the body and cause the disease. Flack (1917) re- 
ports 5 cases in the London district developing among carriers in from 
one to forty days after their isolation. Short (1918) reports 6 cases 
out of 1,228 carriers at Great Lakes Station. On the other hand, among 
485 carriers in the British Navy at Portsmouth kept under observation 
by Fildes (1918) during an outbreak, not one developed meningitis. 
A similar absence of meningitis among carriers was found by Robey 
(1918), Redden (1918) and Landry (1919). On the rare occasion of 
more than one case occurring in the same family or among messmates, 
the cases may be separated by hours or months. The possibility of both 
cases being infected from a common source is to be borne in mind. More 
definite are the cases which develop in a previously non-infected district 
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after a visit to or from an infected focus. Such evidence places the 
usual incubation period at from one to five days. The former corre- 
sponds to the case reported by Sophian (1913), apparently contracted 
at the necropsy on a malignant case; it is reasonable to suppose that 
a disease which can run such a rapidly disastrous course as the ful- 
minating type of cerebrospinal fever may at times have a very short 
incubation period. 

Mode of Onset.—The onset as a rule is sudden; the patient has enough 
fever and prostration to be kept in bed within twenty-four hours of the 
first clear symptoms. Premonitory indispositions occur, but one cannot 
say whether these are a part of the disease itself, or a lowering of re- 
sistance, due to another cause, and opening the way for a meningococcal 
infection. Ambulatory cases with a true meningeal headache are un- 
usual. Koplik has described cases with intermittent onset and course. 
Intervals of entire remission of symptoms early in the course of the 
disease are not common in the experience of most observers, although 
the French writers and Foster and Gaskell have emphasized a lack of 
increase of symptoms or a clinical improvement in many of their cases 
on the second day, even without treatment. A normal temperature may 
be maintained for several days, and delay the diagnostic puncture. The 
temperature charts during the later course: of the disease are often 
irregular, but the patients do not regain entire well-being in the afebrile 
periods. 

An early catarrhal stage of the disease has been described in some 
epidemics, notably at Aldershot in England. Surveys of the nasal 
and pharyngeal condition at the onset, as well as in carriers, have not 
tended to substantiate the idea that an initial rhinitis or pharyngitis 
is notably more frequent or pronounced than in other fevers, nor that 
the meningococcus necessarily, or even commonly, sets up an inflamma- 
tion in the throat. The conditions of overcrowding, stress and bad 
weather which frequently accompany epidemics of meningitis are apt 
to breed coryzas and similar infections. 

A chill with rigor, or a convulsion in an infant, frequently ushers 
in the disease. The chill may be replaced by chilly feelings and malaise, 
or this period of invasion may be so masked or so soon succeeded by defi- 
nite meningeal symptoms or unconsciousness as to escape notice. The 
convulsions are not usually prolonged beyond the first few days, and 
are very rare in adults. 

Vomiting occurs in more than half of the cases at, or soon after, the 
onset. Though this symptom together with a not uncommon abdominal 
pain in children, often directs attention to the gastro-intestinal tract, 
the vomiting usually is not preceded by nausea and frequently bears no 
relation to meals. Vomiting is a symptom of the initial stages, and is 
not usual thereafter, in contrast to other cerebral diseases. In a disease 
with the severity of cerebrospinal fever it is to be expected that the 
appetite will be lost or very largely impaired; nutrition is therefore 
an important part of the treatment, particularly when the course is 
prolonged. Evidence of malnutrition may be seen as early as the fourth 
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or fifth day, especially in hydrocephalic cases, which characteristically 
have abdominal retraction. Sleeplessness promotes the catabolism of 
the patients’ tissues with resultant loss in weight. As a rule, the vomit- 
ing is not sufficiently prolonged to be a factor of much importance 
in this respect. 

Subjective Symptoms.—Usually the first definitely meningea! symp- 
tom in an adult is headache. This may be referred to any or all parts 
of the cranium, frontal headache frequently giving way to occipital as 
the disease progresses. Not at first differentiated from an ordinary 
headache accompanying any general infection or toxemia, the head- 
ache of cerebrospinal fever typically becomes in intensity one of the 
most prominent symptoms unless supplanted by delirium or mental 
dullness or unless relieved by treatment. It is not stopped by ordinary 
methods, sueh as cool applications and mild analgesics; if the patient 
knows by experience the improvement following lumbar puncture he 
may beg for the latter, although it is to be performed without anesthesia. 
The fact that this characteristic symptom is definitely absent in some 
cases leads us to expect it to be mild in others, and to resort to lumbar 
puncture even if the headache is not present in its typical severity, 
provided other sufficiently significant indications are found. 

The mentality at onset and in the early stages may be normal, with 
allowance for the prostration, pain and natural apprehension. Com- 
monly the patient is either hypersensitive and irritable, or dull and 
unresponsive, though in the epidemic cases there may be delirium, 
stupor or collapse when first seen. During the height of the disease a 
ease of average severity may be expected to be deeply stuporous with 
some delirium but without complete coma. A disordered mental con- 
dition persists at times well into convalescence. Vertigo or double 
Vision is an occasional complaint. 

The bowels are usually constipated. In Goeppert’s series diarrhea 
was not uncommon. 

PHYSICAL FINDINGS.—The most important sign of meningitis is stiff- 
ness of the neck or resistance to flexion. In eliciting this sign the ex- 
aminer should proceed with all gentleness, especially in the case of chil- 
dren. It is well to secure the history and make other less important 
and less painful examinations first, in order to gain the confidence of 
the patient. Rotation of the head from side to side should be attempted, 
though lateral rigidity is not so significant as anteroposterior. To de- 
termine the latter with the patient lying on his back, the hand of the 
examiner should be inserted between the occiput and the pillow, palm 
upward, and gently raised. In meningeal conditions this causes pain, 
and instead of the chin approaching the sternum, there is a tendency 
for the shoulders to rise from the bed. Unless the condition is marked, 
one examination is not sufficient, but another attempt to flex the head 
should be made at the conclusion of the other tests. Unlike a rigidity 
of less serious import, the neck rigidity of meningitis does not loosen 
up on manipulation. Netter advises that the naked patient be placed 
supine on a fiat table to detect any spastie arching of the cervical spine. 
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Though in health the chin should be able to touch or nearly touch the 
sternum, it is necessary to test for this sign in many non-meningeal 
cases to appreciate the degrees of voluntary or unconscious non-pathog- 
nomonic resistance which may be encountered at different ages and in 
different patients. In general, by repeated trials at different times 
one is able to distinguish a true from a false stiffness; but in the early | 
stages of meningitis this may be a fleeting symptom, absent at times.’ 
Even with fully developed meningitis, limited to the convexity of the 
skull (Holt), or in the very young (Koplik), or in patients profoundly 
prostrated and collapsed, there may be no stiffness. In ordinary cases 
of meningitis, the rigidity may not be found before the end of the first 
week, though this is unusual. Needless to say, in cases with general 
meningococcus septicemia without meningitis or before meningitis has 
begun, the sign is lacking. Aside from jocal conditions giving rise to 
stiffness, such as abscess or neuritis, easily distinguished by the absence 
of general symptoms, other causes of neck rigidity, particularly menin- 
vism, are discussed under Differential Diagnosis. Attempted flexion of 
the neck in meningitis is usually painful. This is probably the reason 
for the dilation of the pupils which may frequently be observed when 
flexion is attempted. The neck sign of Brudzinski is elicited at the 
same time by flexing the head with one hand, the other exerting counter; 
pressure on the chest to prevent the shoulders from rising; in response 
to this maneuver in meningitis, the thighs usually flex on the abdomen, 
and the lees flex at the knees, often with some eversion. 

The stiffness of the neck may be so marked that some retraction 
(opisthotonos) is visible. In the typical developed case of meningitis 
the posture is on the side so that the head can be more fully extended 
than when lying on the back. This posture may give a hint of the 
disease, although a considerable amount of flexion Is actually possible 
on trial. Flexing the back by placing the examiner’s arm under the 
patient’s knees and raising them, the patient being on his back, is also 
likely to demonstrate some painful rigidity. The most marked opisthoto- 
nos and retraction of the head is seen in the chronic stages of menin- 
citis, and particularly in the form known as posterior basic meningitis 
of infants and children. 

Of almost equal import with the information obtained by attempting 
to bend the neck forward, is the phenomenon known as Kerniq’s sign; 
this is a resistance to passive simultaneous flexion of the hip and ex- 
tension of the knee. It is best elicited by Osler’s method: the patient 
being flat on his back, the lower leg is raised by the examiner, keeping 
the tibia horizontal till the femur is vertical; an attempt is now made 
to straighten out the knee and raise the tibia to a vertical position, the 
angle of 90 degrees being maintained at the hip. Any limitation of 
extension to an angle of 135 degrees or less at the knee may be con- 
sidered as a positive Kernig’s sign. In the elderly a positive Kernig’s 
sign is normal and not indicative of disease. In children under two 
years of age the sign is variable, but with this as with many other reflex 
phenomena, repeated examination, after having gained the confidence 
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of the infant, will often give information of value. The resistance to 
extension in a positive Kernig’s sign is involuntary and mechanical, 
due to a hypertonicity of the hamstring muscles, and also voluntary, on 
account of the pain caused by extension. The sign is at times observed 
in hip disease and spinal caries, as well as in meningitis and meningismus. 
Brudzinski’s identical and reciprocal contralateral reflexes, a flexion 
(identical) or extension (reciprocal) of one leg when the other is pas- 
sively flexed, are frequently present in meningitis, but are not as im- 
portant as his neck sign. 

Other pathological reflexes such as Babinski’s and Oppenheim’s give 
no help in meningitis. They may be present, but are usually absent. 

A general examination of all the ordinary reflexes is to be recom- 
mended, not only for the diagnosis of meningitis, but also for that 
of poliomyelitis, which often bears a decided resemblance to cerebro- 
spinal fever in the early stages, In general, it is to be expected that 
the deep reflexes will be somewhat exaggerated at the onset of meningeal 
involvement, and the superficial reflexes dulled, but changes in the oppo- 
site direction may occur, the deep reflexes being usually lost later in 
the disease. In children, they being the most susceptible to cerebrospinal 
fever and acute poliomyelitis, one can normally obtain knee, ankle and 
biceps jerks. The principal superficial reflexes are the abdominal, ob- 
tained by stroking either side of the abdomen with a pin or a splintered 
wooden tongue depressor ; the epigastric, a drawing in of the epigastrium 
when the skin below either nipple is stroked ; the lumbar, a contraction of 
the lumbar muscles in response to a stroking of the skin of the back 
below the ribs; the gluteal, a similar contraction of the gluteal mus- 
cles when the transverse fold of the buttocks is stroked ; the cremasteric, 
obtained by stroking the inner thigh; and the plantar, a flexion of the 
toes when the sole is stroked, usually accompanied by flexion of the knee 
and hip. Reflexes are so variable and so subject to volitional control 
by the patient that any deviation from the normal which is found should 
be substantiated at a reéxamination. In examining the superficial re- 
flexes, the tache cérébrale, a persisting red line with white borders, may 
be brought out by the stroking, but it is of too frequent occurrence in 
other febrile disorders to be of any diagnostic value. 

A more important sign of meningitis, however, is brought out by the 
general examination of the reflexes. This is tenderness, general hyper- 
esthesia of the skin and deeper structures, which is usually present and 
significant, if the meningitis is at all severe, and if the patient is con- 
scious. Formerly spinal tenderness was considered as of special im- 
portance, but it is now recognized that any or all of the sensory nerves 
are likely to share in this over-acuteness of conduction. The symp- 
tom is commonly attributed to inflammation around the dorsal nerve 
roots, and to increased tension of the cerebrospinal fluid. Secondary 
effects of this are the restlessness, apprehension and irritability which 
the patient shows, a disinclination to be handled or moved. Sophian 
has called attention to a tenderness at the angle of the jaw in many 
of the cases. 
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Corresponding to this exquisite sensitiveness and to the frequent 
changes in reflexes is a general stiffness of the muscles, a hypertonicity 
often not very definite, but suggestive. 

The photophobia which is so common in the disease and the sensi- 
tiveness to sound are probably likewise due to the afferent nerves being 
‘fon edge.’’ 

The pain, which is primarily cranial, may spread to the neck, back, 
abdomen, and become generalized. It may be so severe as to make the 
patient cry out, and frequently contributes to an early delirium. 

Sleeplessness from pain, as well as photophobia, may cause a suf- 
fusion of the conjunctive. 

Tremor is not uncommon, particularly a coarse intention tremor in 
children, together with nystagmus. 

Actual paralyses are unusual, though strabismus, ptosis and transi- 
ent face palsies occur in children. 

Increased intracranial pressure is not as rapid in development as the 
other evidences of the disease, but gives rise to a train of signs of 
which the tense or bulging fontanel of infants is the most obvious. 
Corresponding to this sign in older children and adults is MacEwen’s 
sign, a heightened resonance of the percussion note over the lateral 
ventricles of the brain (MacEwen, 1893; Wilcox, 1915; Koplik, 1915; 
Regan, 1918). Though there is disagreement concerning the technic 
of this sign, a good method of eliciting it is as follows: With the 
patient’s head held on one side, percussion is made by the finger directly 
on the dependent parietal eminence, or on a point about two inches 
above and behind the external canthus of the lower eye. When the 
position of the head is reversed, the opposite parietal region gives the 
clearer note. To appreciate the increased resonance of a positive Mac- 
Ewen’s, it is necessary to carry in mind the variations due to the thick- 
ness of the skull at different ages. Rachitic children may give a clear 
note also, without increased cerebrospinal fluid. In adults the sign 
1s not as clear, but bony conduction may be eliminated by auscultating 
the forehead just above the nose while the percussing finger is brought 
gradually forward from the parietal eminence; if there is increased in- 
tracranial tension the note should become less clear as the percussion 
approaches the stethoscope. 

Ophthalmoscopic examination has not given much evidence of value 
in most epidemics of meningitis. Congestion of the disk is more com- 
mon than choked disk or optic neuritis. 

The pupils are usually dilated and react sluggishly. They may be 
unequal or contracted at first. Hippus, an alternating contraction and 
dilation independent of accommodation, is sometimes observed. 

Deafness is not infrequent in the disease and is often central in 
origin, as is the blindness which occurs in infants. 

The tongue is often dry and tremulous and later becomes covered 
with sordes. It is very possible that the redness of the throat which 
has been attributed by some observers to a specific meningococeus pharyn- 
gitis is, like the dry tongue, merely a part of the general febrile dis- 
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turbance. At any rate, sore throat is not a characteristic complaint in 
cerebrospinal fever. 

Retention of urine, probably spastic in nature, is frequent and should 
be watched for from the first as cystitis and pyelitis are easily induced. 
Incontinence and dysphagia occur. Polyuria is not infrequent, but 
albuminuria and glycosuria are no more common than in other fevers. 
Acute nephritis occurred in 9 out of 161 cases reported by Bourke, 
Abrahams and Rowland (1915) of the British Expeditionary Force. 

The temperature of cerebrospinal fever at the onset is typically 
high, but there is nothing constant or diagnostic in the chart, though 
irregularity is very common. The temperature is a poor guide to the 
condition.or prognosis of the patient. 

The pulse is often rather slow in proportion to the temperature, and 
shows variations independent of the fever. Bradycardia and irregularity 
are not as characteristic of this disease, however, as of tuberculous 
meningitis. The blood pressure as a rule is high, especially with in- 
creasing intracranial tension; conversely a low blood pressure during 
the first sixty hours of the disease indicates a dangerous collapse (Fair- 
ley and Stewart, 1916). 

The respiration in the early stages may not be abnormal, but with 
fully-developed meningitis, particularly in the later stages and in the 
severe cases, it is likely to exhibit irregularity (Connor and Stillman, 
1912). In children the Cheyne-Stokes type of breathing, with regularly 
recurring periods of apnea and hyperapnea, is particularly suggestive 
of meningitis. But the two types most significant are the undulatory 
irregularity without entire apnea, and [Biot’s breathing. The latter is 
of grave prognostic omen. It is characterized by irregular periods of 
apnea, by constant irregularity in the rhythm and depth of breathing, 
and by frequent sighing respirations. The respiratory phenomena and 
slow, hard pulse are both probably due to increased tension of the 
cerebrospinal fluid, and to the same cause is attributed the fact that 
death is usually from respiratory failure. 

Further examination of the internal. organs gives, as a rule, nc 
results of consequence. The spleen is frequently enlarged as in other 
fevers. Cardiac and pulmonary complications are more often found post- 
mortem than antemortem. The presence of another disease—bronchitis, 
pneumonia, typhoid fever—by no means excludes meningococeal infec- 
tion. Jaundice develops in a few cases. 

The most frequent skin manifestation of cerebrospinal fever is 
herpes, commonly about the mouth or nose. It does not usually appear 
before the 3rd day, and is rare in infants under two years of age. In 
some outbreaks it is rare in any case, but its appearance is a point in 
favor of this disease as against the other conditions, except pneu- 
monia, which simulate cerebrospinal fever. Herpes has no prognostic 
significance. 

The typical eruption of the disease is a hemorrhagic one, the spots 
varying in size from flea bites to enormous blotches in different cases, 
and showing much variation in the individual case. This eruption is 
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unusual in sporadic cases, and in many epidemics it is observed in less 
than 50 per cent. of the cases. Cases with eruption are, on the average, 
somewhat more severe than those without, but the difference in mor- 
tality between the two classes is not constant. The petechial and pur- 
puric blotches appear from the first to the third day, occur on any part 
of the body, and may be associated with other hemorrhages, bloody 
bulle (subcuticular hemorrhages) have been described. Of somewhat 
later and less frequent occurrence are the eruptions which simulate 
to some extent those of typhoid, measles or searlatina. Individual 
spots will often be found here also to be hemorrhagic. Eruptions, 
either erythematous or hemorrhagic, are especially frequent over pres- 
sure points, such as the elbows and the trochanters. Local flushing al- 
ternating with pallor, and localized sweats are part of the vasomotor 
phenomena. A serum rash, usually urticaria, may be expected in a 
small percentage of treated cases, but does not commonly appear less 
than a week after the injection which provokes it. 

SPECIAL AND LABORATORY FINDINGS.—1. Spinal Puncture.—(a) In- 
dications and Coutra-indications—The one necessary measure for diag- 
nosis and treatment in cerebrospinal fever is lumbar puncture. On 
serious suspicion that a case might be one of meningitis, puncture should 
be performed at once, with serum at hand for administration at the 
first puncture; each day’s delay increases the chances of a fatal termina-. 
tion. But lumbar puncture is not as simple, painless or harmless a 
procedure as taking a throat culture for diphtheria. What, then, are 
the indications for its performance? 

In the presence of an epidemic, puncture should be done on slighter 
provocation than in non-epidemic times, both because indefinite jllnesses 
are more likely to be meningitis, and because the cases that occur are 
more severe and consequently more in need of instant treatment. If 
cerebrospinal fever is present in the community in more than sporadic 
intensity—more than one case per week per 100,000 population—all 
patients with fever of severe sudden onset, headache and vomiting 
should be punctured. Stiffness of the neck, or Kernig’s sign, or delirium, 
or stupor, or an intense headache, or an eruption which does not disap- 
pear on pressure, even though the petechia be few in number, is enough to 
justify the operation, if explanation other than meningitis is not evident. 
Blood-cultures and nasal cultures should also be made. 

The more punctures that are done in a community under those con- 
ditions, the lower will be the mortality. In the absence of an epidemic 
one usually waits for definite signs of increased tension of the cerebro- 
spinal fluid, such as a neck sign or Kernig’s sign, in addition to other 
suggestive findings, before puncturing. 

As soon as there is a fair possibility that the symptoms are caused 
by a purulent meningitis, puncture should be performed. But if the 
meningeal symptoms are only slight, and the probability is strong that 
they are due to meningism or poliomyelitis, puncture may be post- 
poned until definite benefit by the relief of pressure may be expected 
from the operation. The mistake must not be made of refraining from 
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tapping because the first attempt gave negative results, if the symptoms 
pointing to the meninges continue and increase; the cerebrospinal fluid 
frequently appears sterile during the early stages of cerebrospinal fever. 

The indications in the case of new born and very young infants are 
different because of the absence of localizing symptoms (Koplik, 1916). 
It is probable that many cases of meningitis are missed here which 
either prove fatal early or develop a hydrocephalus. Convulsions with 
fever not necessarily continuous, restlessness without intestinal disor- 
ders, twitching, regurgitation not preceded by feeding, constitute a train 
of symptoms which justify puncture. 

The contra-indications to lumbar puncture are nil, if indications are 
present and the operation can be performed aseptically. The meningitis 
division of the New York City Health Department laboratories has per- 
formed over 3,000 lumbar punctures, often under the poorest local 
conditions, without a single secondary infection of the meninges. While 
there are no contra-indications, the procedure is not to be undertaken 
lightly in the absence of a reasonable chance that the patient will be 
benefited. The puncture is somewhat painful and is not without a slight 
element of danger. Koplik records two sudden deaths on the withdrawal 
of a small amount of purulent fluid from infants; Flexner and Amoss 
have shown that an accidental puncture of a meningeal vein may experi- 
mentally localize a poliomyelitis virus which would otherwise remain 
in the blood stream without harm. Weed, Wegeforth, Ayer and Felton 
(1919) have demonstrated a similar production of bacillary meningitis 
by lumbar puncture in the presence of an experimental septicemia. 

(b) Anatomy and Techmc of Spinal Puncture-——The lower end of 
the spinal cord in adults is practically always above the third lumbar 
vertebra and may be as high as the twelfth dorsal. At birth the average 
level is the third lumbar. The space between the fourth and fifth lumbar 
vertebre is therefore always safe for puncture without danger of in- 
juring the cord, and the next space above or below this one can be used. 
This point of election corresponds usually to the space nearest the line 
joining the crests of the ilia. It is convenient to mark these crests with 
tincture of iodin and to paint a narrow transverse line on the patient’s 
back at this level before beginning the puncture. If the back is held 
properly flexed, the cord is drawn still higher within the vertebral canal, 
so that one or two interspaces above the three mentioned are safe in 
adults. The spinous processes of the lumbar vertebre are practically 
horizontal, and between the bases of these processes is enclosed a dia- 
mond-shaped opening, which is our entrance to the meninges. If the 
puncture is made in the midline, perpendicular to the plane of the back, 
as is advisable, the needle will puncture first the skin and subcutaneous 
tissue, next the tough supraspinous ligament, then the more easily sepa- 
rated intraspinous ligament, then the dura, which is the last resistance 
to be felt. The total distance traversed varies from one to four inches 
with the age and with the osseous and subcutaneous development. The 
subdural space and the arachnoid membrane are negligible; the subarach- 
noid network containing the cerebrospinal fluid lies practically under 
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the dura. The nerve-roots of the cauda equina are of some importance 
in lumbar puncture, as they may be slightly irritated or injured, caus- 
ing symptoms in the lower extremities, bladder or anus. Also, some 
of the filaments may temporarily cover the open end of the needle, pre- 
venting outflow. When the dural resistance has been felt to be over- 
come, the needle should be pushed no farther, both to avoid any injury 
to the cauda, and to avoid striking the plexus of blood-vessels in the 
anterior part of the canal. This plexus is most developed in the dorsal 
hollows of the vertebral bodies, so that if the needle is in the intraspinous 
space at an angle of 90 degrees, the point would strike the upper edge 
of the vertebral body, rather than the vessels. The tips of the ver- 
tebral spinous processes are rounded, and in the adult have a tubercle 
on their lower surface. The needle should therefore be inserted fairly 
between these palpable tips, but should follow the lower process rather 
than the spine above. At times the point of the needle will strike the 
lower spine in this fashion, due to a slight downward inclination of 
the spinous processes from before backward. This 1s particularly true 
if the spine is not well flexed, and may be overcome by directing the 
needle upward (toward the head) at an angle of not less than 45 degrees. 
Flexion of the spine does not change the direction of the spinous processes 
appreciably, but separates them. 

If puncture at the first site is to be abandoned on account of non- 
success or local irritation of the skin, another interspace may be selected, 
or the lateral method may be tried, the needle being inserted one-half 
to three inches from the median line and pointed mesially, upward and 
inward. If only slightly to one side of the midline, the same diamond- 
shaped opening may be entered as with median puncture, while farther 
out the needle punctures the subfiavian ligament and passes between 
the sloping lamine. The disadvantages of lateral puncture are, that 
the direction is bound to be uncertain on account of the varying thick- 
ness of the overlying structures, that the vascular muscle must be pierced, 
and that the needle tract is longer. 

The two most essential points in lumbar puncture are asepsis and the 
proper holding of the patient. There is more art in the latter than in 
the performance of the puncture. 

No anesthesia is usually employed. A general anesthetic is unwise 
except for a violently struggling patient, and the possible devitalization 
of the skin with consequent infection from local anesthesia outweighs its 
advantage, since lumbar puncture usually is repeated a number of times. 
Deftness of operation, a due regard for the comfort of the patient, and 
some mental distraction suffice, and are the safest aids. . 

Antimeningococcic serum should be at hand for immediate injection 
without withdrawing the needle in case the cerebrospinal fluid is cloudy 
at the first puncture. The sterile needles and outfits for gravity ad- 
ministration, which are furnished in commercial packages of the serum, 
are as a rule very satisfactory. For very young infants a smaller, 
sharper needle with a syringe for aspiration is sometimes an advantage, 
but aspiration must be very gently performed, as it is apt to cause 
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bleeding. In infants the prolongation of the thecal sac below the end 
of the spinal cord is smaller than in older persons. If the pus is very 
thick or flaky, a needle of larger caliber may be used. If no outfit for 
administration is furnished with the serum, one may be extemporized 
by opening and drawing out the lower end of a test-tube so that a rubber 
tubing about 3/16 of am inch in caliber and 14 inches long may be 
slipped over it and may be connected at the other extremity with the 
needle. A bit of glass tubing should be inserted in the rubber tubing 
near the needle. The needle should be about 414 inches long and 1/16 
of an inch in diameter, with obturator. The bevel of the needle should 
be as abrupt as is consistent with a sharp point; that is, the distance 
from the extreme point across the opening at the end of the needle 
should be as short as possible—not over 44 of an inch. The needle, 
tubing, and test-tube funnel are sterilized by boiling for five minutes. 
A basin of mercuric bichlorid solution, 1:1000, at a temperature of 
about 105° F. (40.6° C.), is used for warming the serum. 

It is usually advised that the fluid be caught in a series of sterile 
test-tubes. The author has found bottles preferable, except in cases where 
but little fluid is to be expected, using short, wide-mouthed, glass-stop- 
pered bottles, of clear glass, about an inch and a half in diameter, and 
holding one ounce (30 e.c.), the first spurts of the fluid being caught 
in one and the remainder in others, so that any turbidity due to acci- 
dental bleeding will not be present in the last sample. These bottles 
are sterilized with tin foil or paper caps, can be set down on the edge 
of the bed or on an uneven floor with little danger of spilling, and are 
readily transportable. Thev can be held under the needle in the middle 
of the bed, if necessary. Theoretically the patient should be brought 
to the edge of the bed, and the rubber tube be connected with the needle 
as soon as the fiuid begins to flow, but this is not always practical. With 
these bottles, faint cloudiness of the fiuid is more easily detected than 
in narrow test-tubes—an important point for rapid diagnosis. The 
amount of fluid withdrawn is likewise readily estimated, and in con- 
venient units, since 30 ¢.c. 1s the usual amount of serum in one package. 

Sterile gauze and sterile towels should be at hand. The patient’s 
back is cleansed with alcohol, wiped dry with sterile gauze, and the 
puncture area painted with iodin. The hands of the operator are 
prepared as for a surgical operation; breaks in asepsis are particularly 
disastrous because any infection of the spinal canal with pyogenic or- 
ganisms, other than the meningococcus, is practically always fatal. John 
L. Morse wears a sterile finger cot over the left forefinger for palpating 
the intervertebral space to be punctured. One advantage in sterile 
rubber gloves lies in diminishing the chance of contaminating the hub 
of the needle over which some of the spinal fluid must flow; every 
effort should be made to keep the fluid uncontaminated for bacteriological 
cultures. With care this can be managed by pressing the palm against 
the head of the obturator and holding the needle with the fingers a 
short distance away from the hub, or by allowing the fluid to flow through 
the sterile rubber connection. 
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Puncture of a febrile patient should not be done in an upright posi- 
tion. The patient should be held by an assistant with the lumbar spine 
even with the edge of the bed. For successive punctures the patient 
may lie on alternate sides, although the left side is usually more con- 
venient for the operator. With one arm over the patient’s shoulders, 
the other around the patient’s flexed knees, and hands tightly clasped 
beneath to maintain this posture, the assistant can kecp the patient’s 
spine well flexed. A rope made of a sheet may at times serve the same 
purpose, the assistant’s knee being placed against the patient’s abdo- 
men to maintain the flexion. 

The needle is inserted as previously described, with a straight thrust 
until the slight resistance of the dura is felt to give way, when the 
obturator is withdrawn and the fluid allowed to flow. There is usually 
no harm, and often a distinct advantage, in withdrawing all the fluid 
possible until the normal rate of flow of from four to eight drops per 
minute is obtained, but the pressure should not be reduced too suddenly. 
To obviate this the obturator may be inserted in the needle from time 
to time, or the rubber tube pinched slightly if this has been connected. 
If the fluid stops flowing suddenly or fails to start, the obturator should 
be introduced to clear the lumen, and if that fails, the needle should be 
reintroduced in a slightly different direction or at a different level. 
If the fivuid is at all turbid, save from accidental bleeding, from 20 c.c. 
to 30 cc. of antimeningococcus serum should be inserted—a few cubic 
centimeters less than the amount withdrawn—even though there is a 
strong suspicion that the meningitis 1s due to another organism. The 
spinal fluid obtained should be guarded against contamination, antisep- 
tics, heat over body temperature, and chilling, and should be taken 
immediately to the laboratory for bacteriological examination. 

(c) Examination of the Spinal Fluid.—In meningococeus meningitis 
the fluid is typically under pressure, increased in amount, and turbid 
with cells which are almost all polynuclear leukocytes. But there are 
wide ranges from complete macroscopic clarity to pure pus; it 1s prac- 
tically always abnormal in amount, or in content, or both. The cellular 
content may range from abvut 50 per cu. mm. to hundreds of thou- 
sands. A mononucleosis, though unusual, is not inconsistent with menin- 
gococcus infection. The one important finding is Gram-negative diplo- 
cocei, intracellular or extracellular, in smears; these should prove on 
culture to be meningococcel. . : 

Absence of organisms in a turbid fluid is held to be strong evidence 
of meningococcus infection, because in meningitis due to other pyogenic 
organisms, such as the pneumococcus, streptococcus or staphylococcus, 
the cocci are usually readily demonstrable in the first smear. The 
reverse is rarely true, and the tubercle bacillus, which is notoriously 
difficult to find in meningeal smears, may cause a slight turbidity. 

Bloody fluid probably means that a vessel has been punctured by 
the needle, but if the blood is evenly distributed it may be due to a 
hemorrhagic exudate. A yellow fluid coagulating spontaneously (syn- 
drome of Froin) is due to an old hemorrhage. 
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The chemical tests for albumin and globulin are chiefly of value 
in differentiating the clear fluid of meningismus from those of polio- 
myelitis and early meningitis. The albumin and globulin are both 
increased in cerebrospinal fever. 

Fehling’s solution in severe cases shows little or no reduction. Pro- 
longed absence of the glucose which is normal in the spinal fluid is an 
unfavorable sign. 

2. Examination of the Blood——The polynuclear leukocytosis of 
cerebrospinal fever is characteristically high, being over 15,000 in two- 
thirds of the cases, though cases without leukocytosis are not of great 
rarity. There seems to be no great prognostic weight to be attached to 
the white cell count and even in diagnosis practically all meningitides, 
including many eases of tuberculous meningitis, are likely to show poly- 
nuclear leukocytosis. 

The presence of the organism of the disease in stained blood films 
from rapidly fatal cases of cerebrospinal fever has been reported by 
Andrewes (1906), Coles (1915), Anderson, MceNee, Gray, and others 
(1917), and King (1918). Krumbhaar and Cloud (1918), and Netter 
and Salanier (1917), found the cocci in smears from the purpuric areas. 
It may be, as King points out, that search would reveal them in a con- 
siderable proportion of septicemic cases, but it is hardly likely, since 
it is usually necessary to inoculate several c.c. of blood to secure a 
growth of meningococci. 

The frequency of meningococcus septicemia is not settled, but is a 
question of considerable importance in the pathogenesis and treatment 
of the disease. Positive blood-cultures were obtained by Gwyn (1899), 
Salomon (1902), Elser (1905), Jacobitz (1905), Martini and Rohde 
(1905), Robinson (1906), Marcovich (1906), Andrewes (1906), Davis 
(1907), Bennecke (1907), Duval (1908), Herford (1908), Liebermeister 
(1908), Stade (1908), Weiss-Eder (1908), Bovaird (1909), Cecil and 
Soper (1911), Handa and Nanjo (1913), Mackarell (1915), Bray (1915), 
Worcester-Drought and Kennedy (1916), Raffaeli (1917), Marie (1917) 
Pybus (1917), Anderson and others (1917), Thomsen and Wulff (1917) 
It is noteworthy that the greater portion of these reports are of severe 
cases. Some of the cases have been of subacute septicemia with menin- 
gitis delayed in appearance, or absent altogether. The existence 
of occasional cases of meningococcus septicemia, or of local meningo- 
coceus suppuration, without meningitis, is thus well proven. Re- 
cently Herrick (1918, 1, 2, 3) has described from his extensive experi- 
ence at Camp Jackson a more or less characteristic prodromal stage 
of meningococcus septicemia before the usual meningitis, and from his 
laboratory there have been reported two series of consecutive cases show- 
ing a high percentage of positive blood-cultures. The first (Baeslack 
and others, 1918) of 22 cases gave 8, or 36 per cent., positive, of which 
00 per cent. died, while 7 per cent. of the cases with negative blood-cul- 
tures were fatal. The second series (Herrick, 1918, 3, footnote 2) of 
15 cases by Barber and Fleming gave 12, or 80 per cent., positive; the 
mortality is not stated. 
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The symptoms described by Herrick for the septicemic stage are 
malaise, a resenting of interference ; frequently coryza, tonsillitis, pharyn- 
gitis or laryngitis; apathy, fever, headache, suffused conjunctive, 
petechial rash, asymmetrical deep reflexes, with little or no change in 
the spinal fluid. Though the uniform existence of such a stage has been 
a favorite hypothesis of many of the best workers in meningitis, this is 
the first evidence on a considerable scale in this direction which cor- 
relates the clinical with the laboratory findings. Unfortunately the time 
of appearance of these findings with reference to the positive blood-cul- 
tures and to the positive or negative results from lumbar puncture in 
the series of cases are not given. In an epidemic almost as intense at 
Camp Beauregard, Maxcy (1918), using a technic similar to Baeslack’s, 
found only one case with positive blood-culture preceding the positive 
spinal culture out of 27 clinically suggestive patients. It may well be 
that with improved technic the septicemic stage can be proven for the 
ordinary non-fulminating case. Elser and Huntoon (1909), using the 
same ascitic broth dilution method (transplanting to ascitic agar plates) 
which they found reliable for cerebrospinal fluid, succeeded in obtain- 
ing positive blood-cultures in 27 per cent. of 41 cases; but they con- 
clude that these were instances of a transient invasion of the blood- 
stream, rather than an actual proliferating septicemia demonstrating 
a hematogenie origin of the disease. The method of Baeslack was 
somewhat similar. Thomsen and Wolff shook the broth into foam before 
planting, so as to promote a superficial aérovic growth from the blood. 
The method used by Barber and Fleming is not given. 

3. Nasopharyngeal Cultures—The cultivation of the meningococcus 
from the nasopharynx, as is done in the search for carriers, was formerly 
used to some extent for diagnosis where lumbar puncture was refused. 
But now that the necessity for prompt lumbar puncture and treatment 
has been shown, as well as the fallibility of diagnosis from nasopharyn- 
geal cultures—since a considerable proportion of the population harbors 
the meningococcus in the nasopharynx—lumbar puncture or blood-cul- 
ture should be the only reliance for diagnosis. In case these are nega- 
tive at the time, the accessory information of a nasopharyngeal culture 
is of some value. Not all cases of the disease yield a continuously posi-. 
tive nasopharyngeal culture. 

Diagnosis.—The one keystone in the DIFFERENTIAL DIAGNOSIS of cere- 
brospinal fever is the bacteriological examination of the spinal fluid. 
Tubercular meningitis is normally the commonest form of meningitis 
and may closely simulate meningococcus meningitis, though the onset is 
likely to be more gradual, the spinal fluid practically clear, with, as a 
rule, more mononuclear than polynuclear cells; in about 90 per 
cent. of the cases, tubercle bacilli may be found in the fluid if the search 
in smears from the fibrin web or from the sediment is careful and pro- 
longed. Results from the inoculation of guinea pigs with the sedi- 
ment are too slow to be of much service. Pulse irregularities, stupor 
instead of irritable delirium, and indications of cerebral tract involve- 
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ment such as Babinski’s sign, are more common in tubercular meningitis, 
but none of these criteria are absolute. (See p. 107.) 

The other primary purulent memngitides are only differentiated from 
meningococcus meningitis by the presence of the organisms concerned, 
in the turbid spinal fluid. A meningitis occurring in the course of 
another infection such as a pneumococcus pneumonia or a streptococcus 
otitis may be due to the meningococcus. Though practically always 
fatal in a few days, cases of recovery are on record after meningeal 
infections with the pneumococcus, the streptococcus and the influenza 
bacillus, as well as with the tubercle bacillus. Not infrequently pneumo- 
coccus meningitis shows few of the typical meningeal signs. This may 
be for two reasons: on account of its predilection for the very young, 
and because the convexity of the brain may be the only area attacked. 
Unless there is such a localization, the pyogenic organisms are readily 
demonstrated in smear preparations from the sediment. A purulent 
fluid without bacteria usually means meningococcus meningitis, a clear 
one, under pressure, tuberculous meningitis, poliomyelitis, meningismus 
or cerebrospinal fever in an early or inactive stage. In many septi- 
cemias the organisms are found in the cerebrospinal fluid; a series 
of five cases of anthrax meningitis has lately been reported by Reece 
(1917). A relatively benign meningitis may accompany mumps. 

Poliomyelitis may occur with sufficient meningeal disturbance to simu- 
late closely cerebrospinal fever, but the typical case of poliomyelitis has 
only a slight degree of clinical meningitis: the children are able to le 
on their backs, and there is more stiffness of the lower spine than of 
the neck. During an outbreak of poliomyelitis there are doubtless many 
cases of cerebrospinal fever which fail of spinal puncture and proper 
treatment because they are mistaken for the prevailing disease. The 
normal prevalence of poliomyelitis in non-epidemic times is about 10 
paralytic cases per 100,000 per annum (Leake, Bolten and Smith, 1917, 
p. 1999; Lavinder, Freeman and Frost, 1918, pp. 66, 86, 87, 97). The 
spinal fluid of poliomyelitis is typically clear, under pressure, contain- 
ing glucose and an excess of albumin and globulin, with a cell-count 
of over 10 per cu. mm. The high eell-count occurs earlier than the 
increase in globulin and albumin. 

The most frequent and most, puzzling condition which presents itself 
for differential diagnosis is the meningismus of other febrile infectious 
diseases. In children particularly, an acute infection with toxemia 1s 
likely to produce meningeal symptoms, usually associated with an in- 
crease In the amount of cerebrospinal fluid, but almost always without 
deviation from the normal in its chemical or microscopic characteristics. 
Pneumonia, scarlet fever, measles, typhoid fever, malaria, also spiroche- 
tosis or infectious jaundice, as reported by the French, may thus be 
mistaken for meningitis. The only safe rule with these, as with the 
other diseases, is that lumbar puncture and a study of the spinal fluid 
be made whenever the meningeal symptoms are definite, both for the 
sake of diagnosis and to relieve the intracranial pressure. 

Sunstroke, tetanus, intoxications, influenza, rheumatism, typhus 
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fever, meningeal hemorrhage and renal disease may simulate cerebro- 
spinal fever and require puncture. In children digestive disorders, 
tetany and spasmophilia can usually be differentiated by a thorough his- 
tory and physical examination. 

Complications and Sequele.—The complications of cerebrospinal 
fever may be due directly to the meningococcus or to other causative 
agents. Among those of the former class, internal hydrocephalus has 
previously been mentioned. It is caused either by a closure of the 
median foramen of Magendie and the lateral foramina of Luschka (Key 
and Retzius) in the roof of the fourth ventricle, preventing the ven- 
tricular fluid from reaching the subarachnoid space where it can be 
absorbed, or by the shutting off and damaging of so much of the sub- 
arachnoid space by exudate and adhesions that absorption is hindered. 
In either case the fluid secreted by the choroid plexus in the ventricles 
of the brain is under high pressure, producing a bulging fontanel, 
or a positive MacEwen’s sign if the fontanels are closed. It is worthy 
of note that hydrocephalus may occur with the foramina of the fourth 
ventricle open, so that lumbar puncture actually yields fluid in abund- 
ance, though the absorbing surface of the cerebral arachnoidea is cut 
off by adhesions encircling the base of the brain (Dandy and Blackfan, 
1917). In the presence of actual inflammation, hydrocephalus is prac- 
tically always accompanied by increased retraction of the head and 
by Kernig’s sign, which may be absent in the chronic hydrocephalus 
subsequent to the meningitis. Mental deterioration or sudden death is 
to be feared in latent hydrocephalic eases. 

Relapses of cerebrospinal fever after complete convalescence are very 
uncommon. No ease is on record of a second attack of meningitis due 
to a type of the meningococcus different from that causing the original 
attack. 

Meningococcus septicemia has been mentioned. Metastatic foci not 
infrequently occur ever in mild forms of the disease. Arthritis due to 
the meningococcus may be single or multiple and is not as serious as 
to outcome as might be imagined; it must be differentiated from a serum 
arthritis which may accompany an urticaria about nine days after the 
injection of serum. In some epidemics meningococcus conjunctiwitis 
and meningococcus epididymitis are not rare. Iridocyclitis seems to have 
been particularly frequent with the French. Otitis media may or may 
not be due to the primary infecting organism. Endocarditis with Gram- 
negative cocci demonstrated in the vegetations has been repeatedly re- 
ported, though valvular disease is not to be feared in the recovered 
eases. Pneumonia may be due to the meningococcus, but more fre- 
quently other organisms are found. 

Of central nervous disturbances, blindness is more frequent in in- 
fants, deafness in adults. Localized paralyses occur, and may be perma- 
nent, but they are so unusual that unless they are clearly spastic, or 
unless the meningocoeeus was demonstrated in the acute illness, the 
history should be carefully scrutinized to exclude poliomyelitis. Transi- 
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ent facial palsies are not uncommon. Mental defects and epilepsy are 
much less common following meningitis than is generally supposed. 

Of non-meningococcal complications bed-sores and cystitis are par- 
ticularly to be guarded against; the usual sordes and foul condition of 
mouth and throat no doubt favor the development of the frequent in- 
fections leading from the upper respiratory tract, and of pneumonia. 

The necessary treatment of the disease may bring on some untoward 
results, the more serious of which are avoidable. <A certain percentage 
of the cases may be expected to have a serum rash—usually urticaria— 
from one to twenty days after the first serum injection, and some joint 
pain and fever may accompany the rash, as is the case with the antitoxin 
rashes in diphtheria. Unless the patient is naturally or artificially sensi- 
tized, these eruptions usually take more than a week to develop; they 
are relieved by cooling lotions or by menthol ointment. For more im- 
mediate anaphylaxis, epinephrin or atropin applied subcutaneously are 
valuable. The serum may also cause a meningeal reaction lasting about 
twelve hours, and characterized by an increase in the symptoms, and 
perhaps by a more purulent spinal fluid—a so-called aseptic meningitis. 
If the meningococci have disappeared, simple lumbar puncture is indi- 
cated under these circumstances. Coming on in the course of treat- 
ment, these symptoms are akin to the skin reactions observed particularly 
during the second week of the Pasteur treatment for rabies. Too rapid 
injection of serum, or too great a volume, produces a very severe and 
sometimes fatal condition of shock or collapse. Of course, the appear- 
ance of Gram-positive staphylococci in the spinal fluid means that 
there has been at some time a break in asepsis and that the patient has 
thereby contracted a fatal form of meningitis. 

But aside from organisms introduced at lumbar puncture, mixed 
meningeal infections are not very rare. Councilman, Mallory and 
Wright report one case which might have been due to the tubercle bacil- 
lus and to the meningococcus. Netter and Salanier report two, Mathers 
one, and Fitzgerald three cases of pneumococcus meningitis superim- 
posed on cerebrospinal fever. This is of interest as indicating that 
when the barriers are broken down for one form of meningeal infection, 
they are weakened for others, and also as indicating the importance 
of continuing the bacteriological examination of the spinal fluid ob- 
tained at each lumbar puncture. 

During convalescence from meningococcus meningitis, stiffness and 
pain in the back, weakness, and a general hypersensitiveness are fre- 
quently slow in clearing up. 

Clinical Types.— MENINGITIS IN Earuy INFANCY.—The existence of 
a type of cerebrospinal fever in infants which is difficult to recognize 
by the ordinary signs has been mentioned under Indications for Spinal 
Puncture. In their studies on internal hydrocephalus Dandy and Black- 
fan (1914, 1917) find evidences of meningitis in adhesions throughout 
the subarachnoid space at the base of the skull, both in cases with a 
history of meningitis early in life preceding the hydrocephalus, and in 
cases where the hydrocephalus was said to be congenital and no meningi- 
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tis was known. They show that the great majority of their cases of 
hydrocephalus result from meningitis, and justifiably reason that chronic 
hydrocephalus is to be expected following a meningococcus meningitis 
only. ‘‘That a very mild form of what was probably meningococcus 
meningitis has been the cause of a number of our cases seems evident 
from some of the histories, but the illness has been so slight and recov- 
ery so prompt that the mother has looked on it as a ‘cold,’ ‘stomach 
trouble,’ or some illness incident to teething, and it is only by careful 
questioning that the illness is recalled. Yet after these mild symptoms 
hydrocephalus may result.’’ Lesions exactly similar to those known to 
have been caused by a meningitis were found in cases with proven 
congenital hydrocephalus. This opens the question of intra-uterine 
meningococcal infection and hemic pathogenesis. Cases of meningo- 
coccus meningitis with bacteriological verification have occurred within 
the first few days of life. Doubtless others have died without diagnosis. 
If any benefit is to be given the new-born cases of meningitis, diagnosis 
and treatment should be prompt. An otherwise unexplainable sickness, 
with fever, restlessness and twitching, deserves puncture without wait- 
ing for definite meningeal signs. Slight degrees of bulging of the 
fontanel when the infant is not struggling or crying is important and 
direct evidence of inflammatory tension. The onset may have been 
gradual and the neck stiffness, Kernig’s sign, or a taut fontanel may not 
appear until irreparable damage has been done. With the foramina in 
the roof of the fourth ventricle closed by adhesions (obstructive type), 
or the absorbing surface of the cranial arachnoid similarly shut off 
(communicating type), hydrocephalus is bound to occur. 

Posterior Basic MENINGITIS.—It is unfortunate that this has com- 
monly been regarded as a distinct form of meningitis instead of as a 
sequel of meningococcal infection in the very young. In children below 
the age of two years, as in early infancy, the onset of cerebrospinal 
fever is often not definitely meningeal. Cases are likely to go without 
diagnosis longer than in older children. The purulent meningeal in- 
flammation, not intense enough to cause a rapidly fatal issue, becomes 
localized particularly at the base of the skull. Even though healing 
takes place to some extent, the exudate and adhesions either close the 
foramina of Magendie and Luschka, or encircle the foramen magnum 
so as to prevent free circulation of the cerebrospinal fluid. Both the 
inflammatory reaction and the increased tension caused by the lack of 
outlet for the secretion of the choroid plexuses produce the reflex re- 
traction of the head which is so pronounced a feature. Emaciation be- 
comes extreme and the spastic bowing backward of the trunk with hyper- 
extended extremities, infolded phalanges, and upturned eyes forms a 
distressing and all but hopeless picture. The course of the disease, almost 
always fatal in this stage, averages six to eight weeks, while the average 
duration of tubercular meningitis is two and a half weeks; as a rule, 
cerebrospinal fever is the only meningitis of bacterial origin which 
is not fairly rapidly fatal. 

Mitp Cases.—Though the mild cases may begin very acutely, the 
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somewhat more gradual onset is more frequent in this than in other non- 
infantile forms. These are the cases which would recover without lumbar 
puneture or specific treatment, and which distinguished cerebrospinal 
fever formerly as ‘‘That meningitis from which recovery may occur.”’ 
In general, the onset is similar to that of the ordinary acute case, but 
after the stage of invasion, improvement definitely sets in and continues. 

Whether truly ‘‘abortive’’ cases occur in any number, in the same 
sense in which we describe ‘‘abortive’’ cases of poliomyelitis—that is, 
mild cases without the specific localization—is a moot question. Some 
eminent European epidemiologists (Hirsch, 1866, 1886; Bruce Low, 
1916) give credence to reports of large numbers of ambulant, abortive 
eases. All admit that the type of the disease may vary considerably in 
different outbreaks. Except possibly in the recent experience at Camp 
Jackson, the greater number of proven generalized cases with positive 
blood culture but negative spinal fluid have been severe cases. Occa- 
sional mild cases have been reported of definite localization outside of 
the meninges. It is very possible that failure to demonstrate such mild 
general infection in the past has been due to the fallibility of our blood- 
cultural methods, with such a delicately growing organism as the menin- 
gococcus. Another explanation may be that the Camp Jackson epi- 
demie was somewhat unusual in its proportion of definitely septicemic 
cases. Despite investigations made to that end, it usually happens that 
no more cases of indefinite illness, meningism, or ‘‘influenza’’ are ob- 
served among those who are isolated as carriers of the meningococeus 
than would be expected in an indiscriminate group. Analogy with other 
diseases gives every reason for the belief that such abortive cases of 
cerebrospinal fever occur; but that their number is generally large 
is still undemonstrated. For practical purposes, a case of cerebrospinal 
fever should be expected at some stage of the disease to show definite 
signs of meningitis, such as a degree of neck rigidity, Brudzinski’s or 
Kernig’s sign. During epidemic times, it may frequently be wise to 
administer serum intravenously and intraspinally before these signs 
appear. 

Orpinary Acute Cases.—After the usual acute onset and twenty- 
four hours or more of increasing symptoms there is not infrequently a 
stationary period or slight remission. The signs pointing to the meninges 
may not be clear for one or more days. Even if the primary lumbar 
puncture is unfortunately delayed beyond the first day, a relatively 
clear fluid may occasionally be obtained, though in the thirty eubic 
centimeter bottle some slight cloudiness can usually be detected in the 
earliest punctures. Under proper active treatment these cases may be 
expected to improve, though not without relapses, so that the spinal 
fluid is free from meningococci in one to three weeks, and the symptoms 
gradually subside. Kernig’s sign and some neck stiffness are among 
the last symptoms to disappear. If the case is progressing favorably, 
glucose should appear in the spinal fluid after a few days of treatment, 
so that Fehling’s solution is reduced to a degree approximating that 
in normal fluids. 
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In spite of treatment some cases of this group will persist to a chronic 
stage, and some will go on to an acutely fatal termination within a 
week. 

SUBACUTE AND CHRONIC TypEs.—The more protracted stages may be 
divided into those in which the persisting infection is the overshadow- 
‘ing picture, and those in which hydrocephalus is predominant. Meningo- 
coccal meningitis is by nature relatively mild, since it is the only bacterial 
infection of the meninges, recovery from which occurs spontaneously 
in any considerable number of cases. There are cases,therefore,in which 
the bodily defenses, with or without specific therapy, are nearly able 
to overcome the infection, but in which the organisms, protected from 
entire elimination, are able to prolong and renew the fight until the 
exhaustion of one side or the other determines the issue. If serum 
treatment is used this may occur either because the variety of meningo- 
cocci is resistant to the particular serum employed, the pus sometimes 
becoming too thick to flow through the needle, or because the pus is 
localized in pockets which are not adequately drained, and which the 
serum does not reach. In such cases the symptoms of the acute stage 
are prolonged, often with remissions of greater or less degree; irregular 
febrile exacerbations with emaciation, stiffness of the neck, Kernig’s 
sign, and a semi-delirious stupor are prominent in these stages. In 
the less purulent hydrocephalic cases, the fluid obtained at successive 
Jumbar punctures gradually clears, then becomes decidedly lessened in 
amount, till practically dry taps occur. Coincidently the symptoms 
are aggravated, particularly headache and opisthotonos. The condition 
is akin to the posterior basic meningitis of the very young. 

J1YPERACUTE AND FULMINATING CASES.—These cases are even more 
characteristic of epidemics of cerebrospinal fever than are the posterior 
basic cases characteristic of the sporadic appearance of the disease. 
The occurrence of even one of these rapidly fatal cases should be enough 
warning to put an entire community in readiness for an outbreak by 
securing ample supplies of serum and providing every facility for rapid 
diagnosis and treatment. The most intense cases may be fatal within 
four to twenty-four hours of the first known symptoms; sometimes 
they are overwhelmed by the infection before clearly localizing symp- 
toms have appeared. The patient retires after a day of customary 
activity and is found in a coma in the morning, or falls down in the 
street. Perhaps a hemorrhagic eruption, appearing before death, gives 
a clew to the true disease, though external evidence of meningitis is 
lacking. The symptoms are those of collapse. In other cases malaise, 
headache, vomiting or a chill may precede the unconsciousness by a 
few hours, and some stiffness of the neck or a Kernig’s sign be found 
before death, which occurs from one to three days later. Purpuriec erup- 
tions are especially frequent in the very severe cases, though different epi- 
demics vary widely in this respect, as well as in the relative number 
of such hyperacute cases. It is particularly in the earlier part of a 
local epidemic that one expects the most foudroyant cases, and the 
number of deaths within twenty-four hours of the onset is always small. 
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‘As has been mentioned, the fulminating purpuric cases are more likely 
to yield positive blood cultures than are the ordinary type, yet even 
here spinal puncture is usually positive. If the spinal fluid and the 
medium are kept at body temperature, and if the medium is properly 
prepared and is used while moist, meningococcus colonies appear; the 
diplococeus can also usually be demonstrated in stained smears from 
the centrifuged sediment. It is astonishing how early in the disease 
the cerebrospinal fluid may be frankly purulent. 

Treatment.—PRoPHYLAXIS.—General Protective Measures.—Bed-side 
prophylaxis is important in all cases, whether an epidemic is present or 
not, on account of the possible, though remote, danger from the in- 
dividual case. Intimate contact with the sick and with his associates 
should be avoided as far as possible; one, at least, of the latter is a carrier. 
In a hospital ward, where other diseases are being treated, the beds 
should be spaced at least eight feet apart and adequate ventilation 
maintained. In cramped quarters much can be accomplished by ‘‘stag- 
gering’’ the beds, so that the foot of one bed intervenes between the 
heads of two others. 

Meningitis is in general no more contagious than typhoid fever or 
pneumonia. Secondary infections in one household are unusual, but 
for all infectious diseases contracted by way of nose or mouth, aseptic 
nursing should be enjoined. After caring for the patient, the nurse 
should wash her hands in an antiseptic solution, and all persons should 
avoid a zone of six feet from the patient when the latter is coughing 
or phonating. Visits from relatives and friends are unnecessary and 
may be harmful even in non-epidemic times. The discharges from the 
patient should be disinfected if not deposited directly into the sewer. 
In general, the meningococcus can be counted upon as a quickly dying 
organism, the danger lying in apparently well carriers, and not in in- 
animate objects or prostrated patients. Hexamethylenamin (urotropin) 
in 5 to 15-grain doses (0.3 to 1.0 grams) may be given to prevent an 
infectious cystitis, and also to destroy the meningococci excreted in 
the urine. It probably has no effect on the meningeal infection (Bur- 
nam, 1912). 

Notification.— The local health office should be notified by telephone 
immediately upon suspicion of meningitis, in order that the public may 
have an early preparation for a possible epidemic, and in order that 
any laboratory or diagnostic facilities may be placed at the disposal 
of the physician and patient within twelve hours. Prompt notification 
of each case to the health authorities enables general measures to be taken 
at the time when needed. In the presence of an epidemic, these general 
measures should be carried out, their extent varying with the apparent 
danger, and with the necessities in each instance. Unnecessary contact 
among the public at large is to be discouraged—the means of least 
necessary and of most promiscuous contact being barred first. 

General nasopharyngeal cultures were undertaken in the British 
Army, and a carrier rate of 20 per cent. was considered dangerous, 
necessitating the spacing out of the men, and other measures to reduce 
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contact. The culturing of all those in more or less contact with actual 
cases was undertaken in the British and also in the American Army 
and Navy. In the British Army in England those men were isolated 
who were found to be carriers of one of Gordon’s four epidemic types 
of meningococcus. In the English Navy at Portsmouth (Fildes, 1918) 
all new entries were swabbed, all close contacts (about six men to each 
case) were swabbed twice, and all other messmates of each case of 
cerebrospinal fever had one culture taken. If any of these were posi- 
tive, four negative cultures at weekly intervals were required before 
release. This necessitated three isolation camps, one containing those 
men on whom report had not been made, a second for those found 
to be carriers at the last examination, and a third for those found 
negative at the last examination, pending the fourth negative culture 
for release. Under such a system it was evident that the number to be 
isolated would depend upon the number cultured, irrespective of any 
connection with cases of the disease, and also upon the time and pains 
spent on the individual cultures and upon the number of negative cul- 
tures required for release, since men giving one, two or three negative 
cultures were not uncommonly found positive at the next trial. The 
number of colonies to be picked from a plate has also a bearing on 
the number of carriers found (Vines, 1918). The handling of such 
a campaign requires not only very competent bacteriologists with good 
facilities, but also an organization for the isolation of five per cent. or 
more of those swabbed. Leishman (1918), Mink (1918) and Short 
(1918) seriously question the advisability of such a procedure. On 
the other hand, in American camps where the carrier campaign was 
inaugurated promptly, the meningitis rate appeared to fall more quickly 
than in the others (Russell, 1918). Even the scientific opponents of 
Gordon’s classification admit that his procedure diminished the spread 
of the disease (Walker, 1918). In a civil community the search for 
carriers and their quarantine involves either the missing of such a large 
proportion of the carriers, or the isolation of so many healthy individuals, 
as to be impracticable. Attention should rather be directed toward 
diminishing opportunities for close contact among the population as a 
whole during an epidemic. There is no means, such as the virulence 
test in diphtheria, for determining which of the carriers are dangerous. 

Indwidual Prophylazis.—One definite cause of increased suscepti- 
bility may be removed by the avoidance of undue exposure to cold 
and to fatigue. Various sprays, douches and inhalations have been 
used to rid the nasopharynx of meningococci and to prevent in- 
fection. As ordinarily applied, these can have little if any effect. 
The localization of meningococci in the folds and recesses of the mucous 
membrane would necessitate such vigorous application or such strong 
concentration that the general use of these methods would be out of 
the question. Cleansing of the throat by bland washes is to be recom- 
mended. 

The wearing of masks by attendants on the sick during epidemics 
has experimental evidence in its favor, as regards the transfer of bac- 
teria. Such masks should be at least six to eight ply and should be 
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shaped or marked so that the same side is always worn next the face. 

Indiscriminate vaccination, with suspensions of killed meningococci, 
has been urged, but there is no proof that meningococcus vaccine has any 
protective value against natural infection in man; the analogy with 
typhoid fever and the possibility of the demonstration of antibodies 
in the blood of the vaccinated have been considered grounds for the 
practice. On the other hand, we know that meningitis will develop 
in spite of such vaccination, and since a vaccine powerful enough to 
develop efficient immunity may do more harm than good, it would appear 
wise to concentrate effort on the known valuable field of proviaing 
prompt diagnosis and proper treatment of the cases as they occur, until 
it be shown that vaccination is efficient. 

GENERAL MANAGEMENT.—The patient’s bed should be placed in a 
room as quiet and as well isolated from the rest of the house as pos- 
sible. There is probably no acute non-surgical infection, save laryngeal 
diphtheria, in which hospitalization is of as great advantage to the 
patient as in cerebrospinal fever. For purposes of quarantine, as 
well as for instant expert medical and nursing attention, and for ready 
laboratory facilities, a hospital, if properly equipped and available, 1s 
to be advised. This is in spite of the fact that most acute infections 
conveyed through the respiratory tract do better at home than in hos- 
pitals. Fluids should be pushed, some liquid being given at hourly or 
half-hourly intervals when awake. Mouth and throat asepsis requires 
constant attention, as in typhoid fever. 

Diet.—When the vomiting has subsided, the diet should be made very 
liberal. Though the fever interferes with the digestion of any but the 
simpler foods, these should be made as varied and as palatable as 
possible, in order to maintain the nutrition. Forced feeding may be 
necessary when a tendency to chronicity develops. 

SYMPTOMATIC TREATMENT.—The primary symptomatic indication is 
the relief of pain and sleeplessness. Though bromids, hypnotics or 
other analgesics should first be tried, the severe headache of cerebro- 
spinal fever usually requires morphin unless relieved by lumbar punc- 
ture. The meningeal serum reaction often intensifies the headache for 
a few hours. Since the disease is by no means devoid of the danger of 
a terminal pneumonia, the depressant should not be pushed or used as 
a routine, but each dose given according to the indications, in order 
to gain some sleep for the patient during the twenty-four hours. Sodium 
bromid 1.0 gram (15.5 grains) t.i.d. may partially relax the muscular 
hypertonicity and act as an adjuvant to the opiate whenever the latter 
is necessary. Catheterization may be necessary for a short period, but 
the urinary output should be watched from the first, and other means 
of relaxing the bladder sphincter used if possible. Cathartics or ene- 
mata are usually required for the bowels. Cardiac stimulants are rarely 
advisable. Some English Army officers have used epinephrin intra- 
venously or intramuscularly in pulseless fulminating cases with ap- 
parent success, giving it in 0.6 to 1.2 ¢.c. (10 to 20 minims) doses every 
four hours according to the pulse (MacLagan and Cooke, 1917). It 
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would obviously be dangerous in the slightly later stage of increased 
cerebral tension and heightened blood-pressure. 

SERUM TREATMENT.—The method of lumbar puncture has been de- 
scribed (p. 98). This in itself is distinctly helpful, relieving the cere- 
bral pressure, withdrawing purulent fluid and, possibly, permitting the 
formation of more antibacterial] exudate, though there is no experimental 
evidence for this last. However, its former chief advocates have been 
ready to admit that the results with lumbar puncture alone were poorer 
than those obtained by the combined use of drainage and a potent anti- 
meningococcic serum (Dunn, 1911; Netter, 1911; Foster, 1918). But 
the serum must be introduced at the site of the chief infection, that is, 
intraspinally, in the subarachnoid space. This necessarily limits the 
amount that can be given at one time, and prevents the early, intensive 
application of the antiserum at one dose, as is most successful in diph- 
theria. 

As mentioned previously, lumbar puncture should be performed on 
suspicion of meningitis, and antimeningococcic serum injected at once 
if the fluid is at all cloudy, without waiting for bacteriological examina- 
tion. This should be done even with a elear or blood-tinged fluid, if 
the history is suggestive, and if other cases are occurring. The amount 
to be injected should be less than that removed. It is safer to give 
another injection after from eight to twelve hours than to increase the 
intraspinal pressure by giving a greater amount at the first injection, 
causing thereby not only pressure symptoms, but a heightened toxic 
action of the necessary preservative in the serum. 

The routine dose is from 20 to 30 c.c. It is safe to go above the latter 
amount when a very large amount of serum has been withdrawn, and 
when prior injections in the same patient have been borne without 
depressant reaction. The injections should be made very slowly, by 
gravity, the serum having previously been warmed to a few degrees 
above body temperature. Sophian advises the use of a sphygmomanome- 
ter during injection, and the stopping of the serum if the total fall in 
blood-pressure reaches 20 mm. Due probably to the elasticity of the 
tissues in children, they can be given practically as large doses as adults, 
and even in infants the doses are much greater than in proportion to 
the body weight. Some discomfort is often noted toward the end of 
the injection, and this, if very severe, is a signal for stopping. Since 
the amount which can safely be injected is limited, however, every 
effort should be made to allow this to be maximal, by withdrawing as 
much fluid as possible previously, and by proceeding with the injection 
gently and carefully. At the conclusion of each injection, the foot of 
the bed may be raised six to eighteen inches for three hours, to allow 
the serum, which is of higher specific gravity than spinal fluid, to 
gravitate toward the cerebral meninges; for three hours before punc- 
ture the head may similarly be raised to facilitate the denser exudate 
seeking the subarachnoid interstices of the lumbar region. 

Injections should be repeated daily until no meningococci can be 


found in the spinal fluid, or for four days at least, if they disappear 
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earlier. If the case is a very mild one, fewer than four will suffice, 
but even though improvement is marked it is not safe to stop short of 
overwhelming the infecting cocci as rapidly as possible, in order to 
prevent the development of ‘‘serum-fastness’’ by the microérganisms, 
and relapses. Frequently, more than four daily injections are needed, 
but if symptoms have ameliorated by that time, and if the spinal fluid 
has cleared to a considerable extent, an interval of forty-eight hours 
may be permitted to elapse. The serum itself provokes a meningeal 
reaction which may be severe at times, with headache, pain and more 
marked retraction for eight hours or more, and this may be reflected 
by increased cloudiness in the spinal fluid. In order to differentiate 
this from an infection with a few organisms not growing in cultures, 
or not seen in smears of the sediment, it is well not only to omit injec- 
tion for a day or two after the first intensive series, but to perform 
lumbar puncture without serum as a routine toward the end of the 
treatment. As long as meningococci are readily demonstrable in the 
spinal fluid, intensive serum treatment is indicated; and if the infec- 
tion does not yield to eight or ten injections of one serum, another 
should be tried, preferably a serum which has been matched against 
the strain of meningococcus obtained from the particular case in question. 

If the first intensive series of daily injections has been completed, 
and meningococci are again found in the spinal fluid, another series 
of at least four daily injections should be given. The total number 
of injections necessary may exceed fifteen or twenty. 

In very severe cases, valuable time may be saved by giving more 
than one injection in twenty-four hours, but this advantage is to be 
weighed against the disadvantage of continuing the possible meningeal 
reaction from the serum. Josephine Neal, in her large experience with 
sporadic meningitis in New York City, advises against the more fre- 
quent injections. During a highly fatal epidemic and with an alert 
meningitis hospital service, the eight- or twelve-hour injections are 
indicated at times. 

In case there is prior evidence of severe meningeal infection, and 
the symptoms persist or increase, but no fluid is obtainable on repeated 
lumbar puncture, the situation is indeed desperate. One ‘‘dry tap’’ 
should not prevent repeated trials; bits of exudate or tissue may plug 
the needle, or the pus may be too thick to flow. Larger and sharper 
needles should be tried at different levels. The lateral as well as the 
median route should be used. If under these conditions little or no 
fluid is obtained, one very possible inference is that the lumbar region 
is occluded from the secreting ventricular plexuses—most frequently 
by beginning adhesions in the region of the fourth ventricle, or lower 
in the vertebral canal. To break these up, Herrick advocates Cobb’s 
device of forcible manipulation of the neck under inhalation anesthesia ; 
this may be followed by a free flow. It is not safe to sit the patient 
up, and fatal accidents have even followed foreed coughing in order to 
start the flow. Surgical procedures for these obstructions are men- 
tioned below. 
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In Great Britain and on the continent lavage of the spinal space 
has been performed with saline or with an antiseptic solution. This 
is more dangerous than beneficial. Flexner and Amoss (1916) have 
shown that many antiseptics actually retard recovery by inhibiting 
phagocytosis in the spinal fluid. 

Fresh normal or convalescent human serum was tested experimen- 
tally and injected intraspinally in human cases with varying success by 
Davis (1907) and by Mackenzie and Martin (1908); it was added to 
ordinary antimeningococcic serum as complement by Fairley (1916) 
in Australia, and by Kolmer (1918) in Philadelphia. Although this 
procedure is theoretically sound, its use was abandoned in Australia, 
probably both on account of its cumbersome technic and the danger of 
non-sterility, and because the plain antimeningococcie horse serum used 
intensively, well controlled bacteriologically, with a lumbar puncture 
squad watching the patient practically every hour of the twenty-four, 
gave even more satisfactory results. (See p. 117.) 

The intravenous use of antimeningococcic serum has been practiced 
from time to time (Nowland, 1916; Stewart, 1917), on the ground of 
the systemic nature of the meningococcal infection, and it has recently 
been strongly urged by Herrick and his coworkers. Too little attention 
has doubtless been paid to this in the past, but it cannot be denied that 
most cases of cerebrospinal fever, as they come to the attention of the 
physician, are overwhelmingly meningeal; it is in the meninges that 
the battle must be fought and won. In very early and obviously sep- 
ticemic stages the large doses of from 50 to 120 ¢.c., advocated by Her- 
rick, should be given intravenously, with the precautions observed in 
serum injections for pneumonia. Even though only minimal amounts 
of antibodies reach the cerebrospinal fluid from the blood, the excre- 
tion of antibodies from the spinal fluid into the blood stream may pos- 
sibly be retarded by raising the antibody content of the latter. The 
serum has also been used with success locally, in joints and in other 
purulent, meningococcal foci; but the arthritis of cerebrospinal fever 
tends to recover spontaneously. 

SURGICAL INDICATIONS.—The most frequent, grave condition for which 
surgical intervention is suggested is internal hydrocephalus, due to a 
stoppage of the outflow of ventricular fluid. This is probable when 
little or no fluid is obtained at the lumbar puncture, in spite of head- 
ache, with vomiting irrespective of the taking of food, with increasing 
blood-pressure, nystagmus, dilated sluggish pupils, a slight or con- 
siderable bulging of the fontanel in an infant, or with a developing 
MacEwen’s sign in an adult. Optic neuritis, slower pulse rate, in- 
creased head retraction might be expected but are very frequently 
absent, and wasting, impaired mentality and sphincter trouble come 
too late to be of great help in diagnosis. 

In an infant the signs first mentioned are indications for puncture 
of the fontanel. Zingher (1919) believes that persistent dry taps, with 
slight bulging of the fontanel, when the infant is not crying or strug- 
gling, are sufficient evidence for cranial puncture. This may be done 
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with a needle similar to that used for lumbar puncture; the head should 
be shaved without abrasion, and tincture of iodin applied to the site. 
The infant is held firmly wrapped in a blanket, one assistant maintain- 
ing the head in exact position. Any lateral motion of the needle is 
dangerous. The sterile needle is inserted at an outer angle of the fon- 
tanel, not less than 1 cm. from the median line, to avoid the longitudinal 
sinus, and pointed very slightly forward. If the site chosen is over 2 em. 
from the median line, the needle should also be directed inward at an 
angle of not more than 20° from the perpendicular; if it is only 1 ecm. 
from the median line the direction should be slightly outward. When 
a depth of from 2 to 5 em. is reached the obturator is withdrawn to 
allow the fluid to flow. The needle must be held very gently, to pre- 
vent lateral motion. Serum may be administered as by lumbar puncture. 
At successive punctures alternate ventricles should be drained, and 
lumbar puncture be performed at a later date, to ascertain the re- 
establishment of the spinal ‘‘circulation.’’ Despite the apparent sim- 
plicity of this procedure one cannot escape the impression that the 
successful cases are reported and many unsuccessful ones unrecorded. 
Certainly in adults ventricular puncture should be performed only when 
a personnel is available, which is expert in the strict asepsis of brain 
surgery. Puncture through the corpus callosum (following the falx 
cerebri), or frontal, temporal, or occipital trephining, may be used. 
Continental surgeons have not hesitated to puncture at the lower cervical 
vertebre, and along the roof of the orbit through the sphenoidal foramen 
(Dopter, 1918), when there seemed to be a stoppage above the lumbar 
site. Haynes advocates drainage of the cisterna magna. 

By persistent lumbar puncture, with serum injection when indi- 
cated, some cases of apparent internal hydrocephalus have been cured. 
On the other hand, it is by early diagnosis and prompt treatment of 
internal hydrocephalus that good results may be hoped for. 

Enucleation may be needed for panophthalmitis, and paracentesis 
for otitis media. 

TREATMENT OF COMPLICATIONS AND SEQUEL.—In this wasting disease 
special care must be taken from the first, and as a routine, to prevent 
bed-sores. Alcohol and powder on the pressure points and clean, smooth 
sheets are necessary. 

The treatment of hydrocephalus has been mentioned. 

The itching serum rashes of the later periods of the disease may be 
relieved by an evaporating lotion such as: 


Chlorali hydrati ........... 10 grams (2.5 drams) 
PHONO niséecceoanseawte cat 2 grams (0.5 dram) 
Aq. camphore ............. 125 ¢.e. (4.25 fluid ounces) 
INICONO, <4 state eavacwrdrs honed acess 125 e@.e. (4.25 fluid ounces) 


or by 5 per cent. menthol ointment. The rare cases of collapse imme- 
diately after serum treatment should receive adrenalin intravenously 
in 1 ee. (16 minim) doses. 

Joint complications usually take care of themselves, with local appli- 
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cations, but may require puncture and serum injection. Therapeutic 
measures directed against gonococcal conjunctivitis are effective against 
the meningococcal form, but the more serious ocular conditions start as 
iridocyclitis, or even deeper in the eye, and may advance very rapidly. 

CONVALESCENCE.—The subsidence of fever and acute signs of in- 
flammation are usually followed by stiffness, persistent Kernig’s sign 
and by various pains. Massage and gentle, passive exercise aid in res- 
toration, and do no harm. Restoration to full vigor and activity is 
frequently very slow, and the patient should be guarded against undue 
exposure or strain. A degree of internal hydrocephalus may persist, 
and cause a rapidly fatal issue, without persistent infection, but with 
the clinical symptoms of relapse. 

Prognosis._-As To RBcOVERY.—Just as various outbreaks of the dis- 
ease differ widely in their symptomatology, some being for example 
largely eruptive and purpuric, while the nervous symptoms predomi- 
nate in others, so the case mortality rate varies greatly. The Silesian 
epidemic of 1905, before serum treatment began, had a mortality of 58 
per cent. among 3,102 cases (Westenhoffer, 1906). The small 1917 
Copenhagen outbreak (Thomsen and Wulff, 1917) had practically 100 
per cent. mortality. Sporadic cases in general have a lower fatality 
than epidemic cases, and the later cases are usually milder than those 
occurring during the first part of an epidemic. The best body of statis- 
tics of serum-treated cases is that of 1,294 collected by Flexner in 1913, 
showing 18.1 per cent. mortality among those in which the treatment 
was instituted during the first three days, 27.2 per cent. for those in 
which it was begun on from the fourth to the seventh day, and 36.5 per 
cent. for those in which serum was first given after the seventh day; only 
a small number who died less than twenty-four hours after the injection have 
been excluded. Some small series have given a mortality rate below 
10 per cent. 

The most encouraging point in favor of the serum treatment is the 
evidence that the mortality decreases in proportion as the patients are 
treated earlier in the attack; all statistics agree on this. The figures 
are not comparable to those of diphtheria as best treated, but cerebro- 
spinal fever without serum is a more fatal disease than diphtheria without 
antitoxin. The difficulties in the way of proper treatment, by reason 
of the need of continual injections, are also much greater. As the medical 
profession becomes more adept and more persistent in the treatment, we 
may expect the mortality to fall. Promptness, persistence and proper 
technic are nearly as important as the proper serum, but in two instances, 
in Australia, non-specific horse serum was used on a series of cases, from 
lack of antimeningococcic serum, with disappointing results (Sandison, 
1916). 

As an indication of what may be expected with good treatment of 
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sporadic cases, usually outside of hospitals and in congested parts of the 


city, the following tables from Neal may be quoted: 


MORTALITY IN CEREBROSPINAL FEVER: By years 
Total 





Patients Patients Results Mortality 
paved Recovered Died Unknown Per cent. 
1910-1911.......... 17 10 7 0 41 
1911-1912.......... 24 7 14 3 66 
1912-1913. ......... 30 17 12 1 4] 
1913-1914. ......... 4l 28 13 0 31.7 
1914-1915.......... 38 25 13 0 34 
1915-1916........ s 357 40 17 0 29.8 
1916-1917.......... 85 65 20 0 23.5 
1917-1918.......... 112 90 22 0 19 
1918-1919.......... 78 62 16 0 20.5 
1919-1920.......... 36 18 18 0 50 
O20 6 on.din oa disleretiocte 19 18 1 0 5.3 
Totals.......... 537 380 153 4 28.5 


MortTALity IN CEREBROSPINAL FEVER: According to age 


Age Cases ‘Horta 
Wer 1) Year faceted. deat ateh eee nets eadeae 102 46 
tO 2 VOCRIS toes redived an Caters eo hoa ae aa 46 31 
2 tO0'O VOAISs sve.0t.t. Hacc wee telson nese geweee 89 16.8 
D010 Veale initio ota w or peanawenn esau as 108 25.9 
100-20 VESTS ois dan detseeee neh ee iega mest 84 23.8 
Over 20 Vearseiisi ice a iece isan bocee deans ss 80 31 

MortTALitTy IN CEREBROSPINAL FEVER 
According to time of beginning treatment 

Time after Onset Cases peer 
| oes 8: 7: eg oe 200 23.5 
AAO 1 GOV Sects totes eed aw s.e esa odes 137 27.7 
C40 14 GAYS steed teuate sie eete ote 2eeeuS 63 37 
WHOS WEEKS 62 Sie cc s5 os bois Le wet oe wba De 47 47.8 


Over 3 weeks.......... 0... ccc cece cc ec ce ese nace 22 40.8 
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It is to be expected that in epidemic periods the mortality in cases seen 
within the first three days would be reduced below that indicated above 
for sporadic cases, because in non-epidemic times cases which are not of 
the very severe type are likely to be aEaenes at first and the treat- 
ment thereby delayed. 

Mope oF Deatu.—The early deaths ssaneacals occur from cardio-vas- 
cular failure, with very low blood pressure. Respiratory failure is the 
usual cause of death, if the first shock of attack has been survived. The 
cérebral congestion and the internal hydrocephalus both raise the blood 
pressure, and the respiratory center bears the brunt of the attack, as is 
evidenced by the irregular respirations. A blood pressure consistently 
below 120 mm. in the first 60 hours, or above 120 mm. thereafter, is of 
serious prognostic import. In the chronic stage, death may come from 
pneumonia (as also in the acute stages), or from malnutrition and ex- 
haustion. (See p. 96.) 

As To Duration.—Cerebrospinal fever is probably the most gen- 
erally variable of any infectious disease as to duration. The symptoms 
in fatal cases may have an observed length of four hours, or of months. 
Hardly any other diseases met with in this country will kill as suddenly, 
and with as little evidence of localization, as do cerebrospinal fever and 
acute poliomyelitis. Flatten (1906) recorded 7.5 per cent. of fatal non- 
serum-treated cases as dying in the first twenty-four hours, the same num- 
ber in the second, 24 per cent. in the first three days, 24 per cent. from 
the fourth to the seventh day, 52 per cent. later than the seventh day, 
and 7 per cent. after eight weeks or more. Serum-treated cases usually 
either die early or survive; sudden cessation of symptoms is frequent. 
This indicates that the problem is to get the serum into the spinal tissues 
promptly and adequately. So much depends upon the thoroughness of 
administration of the serum, and upon promptness of diagnosis, that 
figures as to the length of the convalescence are of little value. (See 
pp. 107 and 108.) 

As To Function.—With serum treatment the paralyses and mental 
deteriorations, which were formerly supposed to follow meningitis in a 
large proportion of cases, are very few. It is not improbable that many 
of the paralyses assigned to meningitis were due rather to poliomyelitis. 
Deafness unfortunately occurs early, often before treatment is insti- 
tuted, and is still frequent; prompt diagnosis and treatment is our only 
hope of reducing the incidence of this permanent disability. 

Pathological Anatomy.—The earliest anatomical change is a hy- 
peremia of the pia and arachnoid over the brain and spinal cord. Some 
clouding and edema of these tissues next appear, and faint yellow patches 
may be visible in places. Microscopically this is seen to correspond to 
an infiltration with polynuclear leukocytes. Frank pus may then be 
found, which in the chronic stages becomes fibropurulent, and organizes 
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into adhesions and thickened meninges. The exudation is most promi- 
nent along sulci and around vessels; the base of the brain and the pos- 
terior surface of the cord are the chief sites of deposits, but the purulent 
infiltration usually extends up around the lateral surfaces of the cere- 
brum, sparing in general the longitudinal fissure, and is abundant over 
the upper surface of the cerebellum. Collections of pus are found at 
the roots of the cranial and spinal nerves. 

The spinal fluid coincident with these changes is at first nearly clear, 
then cloudy, and may become actual pus. The cells of the exudate are 
largely pus cells, but lymphoid and plasma cells may be found in the 
tissues toward the periphery of infiltrates, and very large cytophagocytic 
cells are also found. These latter have been described by Councilman, 
Mallory and Wright as originating from connective tissue cells or from 
cells lining the lymph spaces. The proliferative endarteritis common 
in tubercular and pneumococcus meningitis is unusual in this disease. 

The ventricles of the brain take part in the process, the subependymal 
and choroid vessels are injected and the ependyma raised or displaced 
by edema. The ventricular fluid is cloudy, but does not uniformly cor- 
respond with the spinal fluid. Particularly if the collections of pus 
or adhesions have impaired the free passage of fluid through the for- 
amina of Magendie and Luschka (obstructive hydrocephalus), or if the 
cerebral meninges have been blocked off by adhesions surrounding the 
foramen magnum (communicating hydrocephalus), the ventricles are 
dilated. 

The meningeal inflammation frequently extends down into the cortex 
of the brain, less often into the spinal cord; and cellular infiltrations, 
not always apparently limited to the periphery of vessels, are found 
here. Hemorrhages into the nerve tissue also occur, and areas of soft- 
ening may coincide with paralyses. The cranial and spinal nerve-roote 
show inflammation and infiltration, and extension of the process along 
the eighth nerve or along the optic nerve may give labyrinthine deafness 
or a purulent panophthalmia. Meningococci are found intracellularly 
and extracellularly in the exudate, more especially in the acute rather 
than in the chronic stages. The meningococcus also gives rise to a 
bronchopneumonia, dense enough at times to resemble lobar pneumonia 
clinically and macroscopically. In such cases meningococci are found 
in enormous numbers in the pus cells of the pulmonary exudate. 
Croupous pneumonia as a complication of cerebrospinal fever is due to 
the pneumococcus. The spleen is enlarged, but not as regularly as in 
other infectious diseases. 

Historical Summary.—The first record of an epidemic of meningitis 
is that of Vieusseaux, who described an outbreak in Geneva, Switzer- 
land, in the winter and spring of 1805. Doubtless epidemics had occurred 
before this, but the accounts are dubious, and sporadic cases could not 
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be distinguished from other meningitides. In 1806, without having 
heard of the Swiss outbreak, Danielson and Mann described an epi- 
demic in Medfield, Massachusetts, with five postmortem examinations. 
From that time we know of hundreds of epidemics throughout the civil- 
ized world. The division into epidemic periods made by German writers 
is more or less artificial, though it is evident that even countries such 
as the United States, in which epidemics are particularly frequent, have 
been practically free from serious outbreaks, as far as the records go, for 
years at a time. In France the greater part of the earlier epidemics 
were among the troops. 

The bacteriological history of meningitis begins with the demonstra- 
tion of the meningococcus in 1887 by Weichselbaum of Vienna. The 
importance of this discovery was discounted for a number of years by 
the confusion of the meningococcus wrth the pneumococcus and other 
Gram-positive cocci (Jaeger), until such researches as those of Council- 
man, Mallory and Wright, which were made during the Boston epidemic 
of 1897, established the correctness of Weichselbaum’s original descrip- 
tions. In the Portuguese epidemic of 1901-1903, Bettencourt and Franca 
found the organism in every one of 271 cases investigated. In 1901 Al- 
brecht and Ghon first showed the presence of the meningococcus in the 
nasal secretion. The Silesian epidemic of 1905 comprised 3,317 cases 
and furnished the material for von Lingelsheim’s thorough bacterio- 
logical work. This epidemic lingered till the Rhenish-Westphalian out- 
break of 1907, and these, together with the New York epidemic of 1904- 
1905, instigated the preparation and use of the serums of Jochmann, 
Kolle and Wassermann, and that of Flexner. One of the most extensive 
recent epidemics, aside from those coincident with the concentration of 
troops for the war, was that of 1911-1912 in the southwestern United 


States. 
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Definition Diphtheria is an acute, febrile, contagious infection, 
caused by a specific bacillus, characterized by the presence of a false 
fibrinous membrane deposited on the focus of infection, and accompanied 
by specific, toxic, systemic manifestations, affecting principally the heart 
and the nervous system. The site of infection is, in the vast majority 
of cases, the membrane of the throat; sometimes the nose and the larynx 
are involved, and more rarely the conjunctiva and cutaneous surfaces 
that are deprived of epithelium. 

Etiology.—PReEpisposina CausEs.—Diphtheria is distributed practi- 
cally all over the world and is endemic at all times, although it seems 
to show a preference for northern climates and for the cold, damp, winter 
months. Sudden changes 1n temperature from warm to cold seem to 
affect the incidence and the mortality of the disease. This fact is prob- 
ably due to the catarrhal conditions of the nose and throat which result 
from a sudden fall in temperature, and which favor the lodgment and 
the growth of the diphtheria bacillus in these parts. Soil conditions 
are sometimes believed to affect the incidence of the disease, since 
epidemics of diphtheria have been known to originate in the vicinity of 
stables and in places where refuse vegetable matter has collected and 
decomposed, thus, through drainage, seriously contaminating the soil. 

Diphtheria is decidedly a disease of childhood, without any note- 
worthy distinction as to sex. The susceptible period is that between 
the second and twelfth years, the most critical time being between the 
second and fifth years. Infants enjoy the same comparative immunity as 
they do from other acute infections. Adults, though less susceptible 
than children, may contract the disease at any time, although it is 
rarely seen in old age. 
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The general susceptibility to diphtheria is, on the whole, not nearly 
so marked as is the case with scarlet fever or measles. Observations 
show that in the vast majority of individuals who have been exposed 
to the disease, although the diphtheria bacillus is present, the infection 
never develops. Any personal predisposition that exists seems to be 
attributable, primarily, to the condition of the mucous membranes, par- 
ticularly those of the nose and throat. Children who have adenoids, 
large or diseased tonsils and chronic inflammation of the nasopharynx, 
or deformities of the nasal septum, are much more likely than others 
to contract the disease. This is sometimes termed an increased super- 
ficial predisposition, and may also result from any other abnormalities 
of the pharyngeal or nasal] regions. 

The presence of another acute infection, particularly when of the 
anginose variety, such as scarlet fever and measles, is an important factor 
in the etiology of diphtheria. (The association of the two diseases 1s 
discussed on p. 251 of this volume.) In such instances the throat condi- 
tions present a most favorable opportunity for the diphtheria organism 
to become active. 

The disease is in no way dependent upon social conditions, the rich 
and the poor being equally susceptible, except that, as in other infec- 
tions, bad housing conditions, poor drainage, under-nourishment, etc., 
increase the disposition of the less-favored classes to disease in general. 
This applies also to local racial conditions and accounts for the ap- 
parently greater prevalence of the disease among the colored population 
in a given locality. 

EXCITING CAUSE: THE ORGANISM.—Diphtheria is one of the few dis- 
eases the specific organism of which is known, and for which there 
is a specific treatment. To Klebs belongs the distinction of having first 
described the diphtheria organism (1883), while Loffler (1884) was the 
first to obtain it in pure culture. Later (1887), he succeeded in pro- 
ducing the disease in guinea pigs (rats and mice appeared to be insus- 
ceptible) ; it is known to be also transmissible to other animals—cats, 
dogs, horses and goats. Shortly after Lofiler’s demonstration, Roux and 
Yersin (1888) were able to show that the symptoms of diphtheria were 
due largely to a soluble toxin which is not part of the organism, but is 
secreted by it. Acting upon this suggestion, Ferran, and later Fraenkel 
and Brieger (1890), attempted active immunization against diphtheria 
with the toxin. At the same time von Behring made his discovery of 
the antitoxin, and after prolonged research in collaboration with Wer- 
nicke he was able to demonstrate by animal experiments the prophy- 
lactic and therapeutic value of the antitoxin. The first clinical tests 
on the human subject were made (1891) in von Bergmann’s clinic at 
Heidelberg. The method at once gained adherents and, through the 
impetus thus acquired, it has become probably the most significant and 
valuable contribution to preventive and therapeutic medicine. 

Morphology.—The Klebs-Léffler bacillus is aérobic, being most satis- 
factorily cultivated in an alkaline medium (Léffer’s blood serum) at a 
temperature of about 98° F. (36.6° C.). It is generally described as a 
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Gram-positive, rod-shaped, slender organism with rounded ends, varying 
in size from 1 to 6 microns in length and from 0.3 to 0.8 microns in 
diameter. It is easily stained with anilin dyes, the Loffler alkaline solu- 
tion of methyl-blue being among the best and the one in which it appears 
smallest and most constant. Its appearance, however, is not altogether 
constant, polymorphism being one of the characteristics of the diphtheria 
organism. Westbrook, whose classification is the one generally accepted 
in this country, divides it into three morphoiogical groups, each 
with subdivisions according to the size of the organism. The 
first group is the beaded or granular type (with deep staining granules) 
and is designated A, B, C, D; the second is barred or banded 
(having transverse bands), and is designated A,, B,, C,, D,; 
the third is a solid type taking an even stain, and is known as A,, B,, 
C,, D,. Westbrook, in his original grouping, recognized variations up 
to the letter G, but in the working laboratory the above subdivisions 
have proved sufficient. 

At the laboratory of the Philadelphia Bureau of Health, cultures 
are pronounced positive only when they show: A or A,, B or B,, C or D. 
C,, D,, the shorter barred forms, and B., C, are considered avirulent, 
but cultures showing these and other atypical forms should not be pro- 
nounced negative until they have been re-incubated for another 24 hours; 
unless the field, after the second incubation, shows the above positive 
types (A or A,, B or B,, C or D) the culture can be considered negative. 

The granular type is the one most commonly seen early in the dis- 
ease, whether it be localized in the nose, the pharynx or the larynx. 
This type is apt to prove virulent even in prolonged culture cases, so 
that contacts showing it should be held under suspicion of being danger- 
ous until proved otherwise. Later in the disease this type is supposed 
to be replaced by the barred or by the solid forms. This, however, is 
a matter of controversy. In the City Bacteriological Laboratory of 
Philadelphia the granular type has been found throughout the disease 
until the very end. 

In a study of the cases at the Philadelphia Hospital for Contagious 
Diseases, made by Kolmer a few years ago, the barred type was dis- 
tinctly rare; but at present, at the City Bacteriological Laboratory 
of Philadelphia, it is being met with continually in a small percentage 
of cases. Kolmer, who regards this type as avirulent, found it present 
in 20 per cent. of cultures taken from the healthy penis. 

The solid type is the more serious form. The bacilli of this group 
are few in number and are replaced later by the granular type. It is 
generally supposed to be present only in the late stage of the disease, 
but some authorities believe that it is also present in the earlier cultures, 
but is overshadowed by the granular type; the Philadelphia city bac- 
teriologists find the long B,, C, type present in early cases and in 
young cultures. 

It is when this type predominates that the advantage of animal in- 
oculation is greatest. The longer bacilli show a greater tendency to 
retain their virulence than the shorter ones. Both, however, may be de- 


134 DIPHTHERIA 


scendants of the so-called carrier bacillus rather than of the organism 
that produces the clinical evidence of the disease. The shorter, solid 
types are most frequently found in the nose when clinical manifestations 
of diphtheria are absent. In a majority of cases these bacilli are not 
pathogenic, although in a small percentage they are virulent, as proved 
by animal inoculation. 

The long solid types are frequently found in otitis media, and in 
our experience they are always avirulent. 

Cultivation.—In making the cultures it should be borne in mind that 
the broth used should be neutral or slightly alkaline, since the diphtheria 
bacillus produces acid very rapidly, especially with glucose, and a high 
acidity inhibits and finally kills the organism. The toxins are usually 
elaborated in 48 hours in animal experiments. 

Attention is called at this point to the pseudo-diphtheria (Hoffmann) 
bacillus and Bacillus xerosis, which often enter into considera- 
tion in differential diagnosis and which are frequently seen in the con- 
junctival fluid. The differentiation is best made by acid production tests, 
the most satisfactory medium being Hiss’s serum-water, colored with 
azolitmin and containing 1 per cent. respectively of the following sugars: 
glucose, saccharose, dextrin, lactose, maltose, galactose and mannite. The 
results are recorded after the cultures have been incubated for five days 
at 95° F. (35° C.); the presence of acid is shown by the blue turning 
to pink or red. Virulent diphtheria bacilli frequently produce acid with 
dextrose and dextrin in the order mentioned; the results with the other 
sugars are variable. Cultures which prove negative as far as the struc- 
ture of the organism is concerned but produce acids with some of the 
sugars, notably glucose and dextrin, are to be regarded as non-virulent 
diphtheria bacilli, and a negative report should be given when they 
appear in cultures. 

These sugar tests are most useful in studying cultures from the 
eye, and are the only means of differentiating the short solid type from 
the Hoffmann bacillus and the Bacillus sxerosis. If the culture 
proves non-virulent for pigs, and produces no acid with any of the 
sugars, it is regarded as containing Hoffmann bacilli, while non- 
virulent types that produce acid with saccharose are regarded as cul- 
tures of Bacillus xerosis. 

Distribution.—The diphtheria bacillus differs from other pathogenic 
organisms by the fact that it is widely distributed throughout the body. 
It is found not only on the surface of the affected mucous membrane, 
and in the superficial portions of the false membrane and its underlying 
tissues, but also, in the severe cases, in the heart-blood, the liver, spleen 
and kidneys. 

The most important characteristic of the diphtheria toxin (its chem- 
ical composition has not yet been determined) is to stimulate the pro- 
duction of antibodies which, when injected into the human body in 
proper doses, create a certain degree of immunity and resistance to the 
disease. 

Modes of Conveyance.—The source of contagion of diphtheria is pre- 


SYMPTOMATOLOGY 135 


eminently the human subject, that is, the diphtheria patient, who emits 
infected droplets while talking or coughing. Tracheotomized croup cases 
are a most dangerous source for the spread of the disease, since such 
patients are apt to cough up shreds of membrane through the cannula. 

There is little positive evidence that the soil, the water or the milk 
supply are factors in disseminating diphtheria, except that impurities 
in the water or the milk, or defective drainage, may be responsible for the 
lowered resistance of the mucous surfaces to disease. 

The diphtheria bacillus is remarkably resistant to cold, retaining 
its virulence for several months during the winter, but its resistance is 
lowered by exposure to light and to moisture. It shows no particular 
resistance to disinfectants, but it is apt to retain its virus to a remark- 
able degree for many months if protected from light, and allowed to dry, 
for example, on a particle of membrane, or on fomites, such as toys, books, 
eating and cooking utensils, or, more especially, on bed and body linens 
that have come in contact with a diphtheria patient. According to some 
authorities the bacillus is also present in the urine of patients, and the 
nurse or attendant is apt to be infected in this way unless properly 
protected. 

Danger of contagion persists into the period of convalescence and be- 
yond it, even into the ninth week or longer. The observation that the 
diphtheria bacillus on the membrane of convalescents often retains its 
virulence for a more or less prolonged period after convalescence, together 
with the fact that healthy individuals in the vicinity of the diphtheria 
patient also harbor the specific organism, is supposed to account for 
certain mysterious epidemics of diphtheria through the medium of such 
direct and intermediary carriers of the organism. 

Symptomatology.—CuinicaL History.—Period of Incubation.—The 
typical infection from the bacterial toxin is manifested by local and 
general phenomena. 

For various reasons the incubation period of diphtheria cannot be 
definitely determined, but it is generally short, from two to four days, 
rarely exceeding seven days, depending on the virulence and the num- 
ber of organisms present, and on the susceptibility of the individual. 
The maximum incubation period has lost its importance since the 
introduction of the custom of culturing the throats of all contacts as a 
routine measure. . 

The diphtheritic membrane is apt to develop in different parts of 
the body. Its clinical course depends upon the particular location in 
which it is deposited, the most common situation being the faucial re- 
gion, which will serve as a basis for our description of the clinical 
history of the disease. 

Mode of Onset-—The early symptoms are the languor, apathy and 
general loss of appctite and vigor that accompany an incipient cold. 
This may last a day or two before the child complains of parn in the 
throat, although sometimes, aside from the general malaise, sore throat 
is the only complaint. More rarely the invasion is sudden, accompanied 
by chills, high fever, 100° to 108° F. (37.8° to 39.4° C.), headache, nausea 
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and vomiting, together with the throat symptoms; but the latter some- 
times do not appear until the end of the first or the beginning of the 
second day. It is important to remember that the degree of fever is no 
criterion for the future course of the disease. It may be low at this 
stage in a severe and fatal case, or high in what proves to be a mild 
ease. At this early stage the patient, on examination (the opportunity 
for which occurs more often in private than in hospital practice), will 
present a pallid countenance, rapid soft pulse (110-120), and a dis- 
agreeable odor from the mouth. The tongue is dry and moderately 
coated; the faucial mucosa is slightly reddened and shows increased 
mucous secretion. Sometimes one or even both tonsils will be the site 
of a small, grayish opal coating or of a grayish, cloudy patch. The 
membrane at this stage is only slightly adherent and can be easily and 
safely removed. It will be found (under the microscope) to consist 
of fibrin, epithelial cells, leukocytes, diphtheria bacilli and the usual 
buccal flora. If removed, the membrane rapidly reforms; when allowed 
to remain it becomes firm, consistent and more intimately adherent 
to the underlying tissues, with a tendency to spread to the surrounding 
structures—the anterior and posterior pillars of the fauces and the 
lateral margins of the uvula—the latter often being so entirely covered 
as to suggest a finger encased in a glove. 

Within the next twenty-four hours the membrane assumes its char- 
acteristic grayish aspect, the intensity of color depending upon the 
other organisms present. When thin the membrane is translucent; it 
may also be a pale yellow or a dirty white or even dark, almost black, if 
there is bloody effusion. It is now tough, firmly adherent, and when 
removed leaves a raw, bleeding surface. Later on in the course of 
the disease, as the membrane begins to separate of its own accord, it 
can be removed without producing bleeding. 

The subjective symptoms produced by the presence of the membrane 
on the throat are burning and difficulty in swallowing; the swelling 
of the tonsils makes the voice rough and thick, while the inflammation 
may, as early as the first day, cause enlargement of the glands, espe- 
clally the maxillary, those at the angle of the jaws and the anterior 
cervical groups. This glandular involvement may appear as early as 
the first day. Sometimes it is slight and accompanied by very little 
tenderness ; in the more advanced cases it may be severe, with the forma- 
tion of ‘‘bull-neck’’—a collar of matted and enlarged glands all around 
the neck. Suppuration is not likely to occur except in cases of mixed 
infection, where there may be sloughing of the infiltrated mass. 

The toxic effect of the disease is also seen in the general symptoms 
which it causes. The temperature rises to 100-102° F. (37.8°-38.9° C.) 
in the moderate cases, and up to 104° F. (40° C.) in the more severe ones, 
falling by lysis in both. The severe cases are accompanied by the usual 
manifestations of hyperpyrexia, and in young children occasionally by 
convulsions. The fever, however, is greatly modified by serum therapy. 

The pulse and resmration correspond to the temperature, but often 
the pulse in children is much more rapid than the fever warrants. 
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Pallor and apathy, prominent features of the disease, increase and 
indicate the effects of the toxin. 

The blood shows moderate leukocytosis, the increase being in “ pely- 
morphonuclear cells. Myelocytes are also present, especially in fatal 
cases. There is a marked reduction in the red blood-corpuscles, which 
may fall as low as two million or even five hundred thousand, with a 
corresponding diminution in the hemoglobin percentage to 10 or 30 per 
cent. Patients with the latter symptom recover much more slowly than 
those with the former. 

Albuminuria is very common, so much so that it is considered a part 
of the symptom-complex of diphtheria. It may appear at any time from 
the third to the seventh day, in amounts varying from a slight trace to 
a considerable percentage, and may persist for several weeks. Acute 
nephritis with hyaline and epithelial casts is rare, although it may occur. 

With the early administration of antitoxin in sufficient dosage, the 
progress of the disease is promptly arrested. The membrane begins 
to separate, falling off piecemeal and also disappearing by absorption, 
which begins at the margins and 1s completed in two or four days, accord- 
ing to the size of the membrane, sometimes leaving a delicate grayish 
infiltration which persists for a few days more. The mucosa, relieved 
of the membrane, appears markedly red. The fever begins to subside 
within 24 hours after the injection and reaches the normal on about 
the third day, when the patient begins to feel comparatively well. Some- 
times mild as well as severe cases will give negative cultures almost 
immediately after the parts become normal in appearance. Others, even 
very mild ones, will continue to give positive cultures indefinitely for 
weeks or even for months. There is nothing in the local condition to 
account for the one or the other phenomenon. 

Without serum therapy the course of the disease, in favorable cases, 
is protracted over from eight to fourteen days. The membrane adheres 
firmly, generally spreading over the entire throat and often involving 
the neighboring structures. The difficulty in swallowing is intense and 
agonizing. Prognosis is uncertain. Although recovery may take place, 
there is always the danger of laryngeal involvement with stenosis, as 
well as of the sudden development of heart symptoms leading to death; 
death may occur at the end of the second week from heart complica- 
tions, nephritis or bronchopneumonia. 

Sreconp ATTacks.—<An attack of diphtheria does not confer the same 
immunity against the disease as results after other acute infections, 
such as small-pox, scarlet fever and measles. Relapses may take place 
during convalescence, or the disease may recur in three or four weeks 
or any time after recovery. As a rule, the relapse (occurring during or 
shortly after convalescence) is not so serious as the original attack, al- 
though death may occur during a relapse. Second attacks or even third 
attacks at remote periods after the first one are not at all uncommon 
and are dependent upon the individual disposition to the disease and 
the opportunity for infection. 

Diagnosis.—There is perhaps no medical condition in which early 
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diagnosis entails a greater responsibility than in diphtheria or cases that 
suggest diphtheria, Inasmuch as we have at our disposal a prompt and 
effective means of controlling diphtheria in its early stages (within the 
first 24 to 36 hours), it is not too much to say that when confronted 
with a suspicious case the doctor, unless he is one hundred per cent. 
sure that it is not diphtheria, should at the first visit administer anti- 
toxin in full dosage. This is essential for the salvation of the patient, 
for the protection of the public and for the reputation of medicine in 
general and of the individual physician in particular. In view of this 
it seems almost superfluous to discuss the diagnosis of diphtheria, more 
especially since the clinical picture and the bacteriological findings often 
fail to harmonize, and much valuable time is lost in arriving at a diag- 
nosis. Therefore, treat and then diagnose, is the order of procedure to 
be observed in the presence of a sore throat or other symptoms which 
arouse the slightest suspicion of diphtheria, for the efficacy of serum 
treatment depends upon its early administration. 

The clinical symptoms of diphtheria, as already enumerated, are 
sometimes so modified as to be misleading. In young children, for ex- 
ample, there is often little discomfort in the throat, and not until the 
glandular enlargement and the pharyngeal symptoms are marked will 
attention be called to the throat. Inspection of the throat, therefore, 
should be a part of the routine examination in all disorders of childhood. 

In the diagnosis of diphtheria we can to some extent be guided by 
the age of the patient, the location and appearance of the lesions and 
the clinical manifestations of fever and albuminuria. 

As regards age, it is well to remember that children do not often 
suffer from throat conditions such as tonsillitis, quinsy and other anginas 
with which diphtheria is likely to be confused, so that, provided scarlet 
fever and thrush can be excluded, any visible patching of the throat of 
a young child should be treated as diphtheria. 

As to the location of the lesion, in diphtheria it generally affects 
the pillars of the fauces, the uvula or the soft palate. And, although 
Vineent’s angina may often have to be considered, it is safe to act on 
the suspicion of diphtheria. Primary lesions of the buccal mucosa, 
while they may be due to thrush, should be considered as diphtheria 
until proven otherwise. 

The true diphtheritic membrane 1s often described as pearly gray 
in appearance. But in reality the color is no index, since it is seen in 
every shade from a dead white, or a yellow, to even a deep black. While 
the adherence of the membrane and tlie raw surface that its removal 
often leaves may be taken as positive indication of diphtheria, the ab- 
sence of these features cannot be relied upon as contra-indicating the 
disease. It must be remembered that the diphtheritic membrane soon 
begins to separate spontaneously, and the case may come under observa- 
tion at the time when the membrane is more or less easily detached. 
And as to the bleeding surface it leaves, it has been proven that even 
in cases of true diphtheria the deposit has been removed without leaving 
such a surface. 
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With regard to the other clinical symptoms, it is well to remember 
that the combination of low fever or even subnormal temperature with 
a patched but not painful throat and albuminuria is apt to indicate diph- 
theria, since in other throat conditions the temperature is usually high, 
and the throat painful. It is especially the low temperature together 
with albuminuria that should arouse suspicion. 

DIFFERENTIAL D1AGNnosis.—F aucial diphtheria is likely to be confused 
with tonsillitis, quinsy, the ulceratwe sore throat of Vincent’s angina, 
with syphilitic and tuberculous angina, thrush, herpes and, finally, scar- 
latinal angina. 

Acute tonsillitis differs from faucial diphtheria in that the pain in 
the throat 1s more severe, there is more generalized redness, the tem- 
perature is high, the face flushed, the pulse full and bounding and the 
tenderness of the enlarged cervical glands much more marked. In fact, 
there is a preponderance of general, constitutional symptoms, especially 
pain in the head, back and extremities, not noted in diphtheria. The 
exudate of tonsillitis may very closely resemble that of diphtheria in 
its early stage, in that it may spread over a portion of the tonsils or 
the posterior faucial pillar. There may also be a superficial slough 
which strongly suggests diphtheria, but the fact that the membrane is 
easily removed and when separated rarely leaves a bleeding surface is 
evidence in favor of tonsillitis. Very often, however, the differentiation 
is possible only after repeated bacterial examination. 

The differentiation from quinsy should as a rule be easy, since sup- 
puration of the tonsils in diphtheria is most unusual, and the tonsillar 
enlargement in quinsy gives the back of the throat a one-sided appear- 
ance, while the soft palate on the affected side is apt to protrude forward 
and downward. With these distinguishing signs diphtheria can gen- 
erally be excluded, even though there be a small amount of exudate 
present. But often after a tonsillar abscess has been incised the re- 
sulting grayish wound may resemble a diphtheritic membrane. It differs 
from the latter by the fact that the membrane does not spread and 
that the tonsillar enlargement is peripheral only. In some instances 
confusion may be due to the thin film that settles on the tonsils when 
the abscess ruptures high up and at the back of the tonsils, and from 
which pus exudes at every attempt to swallow; sometimes the film as- 
sumes the character of-a well-organized membrane. Inspection of the 
throat is difficult because the patient is unable to open the mouth, the 
latter symptom being an almost infallible indication of quinsy, and often 
in such circumstances a diagnosis of diphtheria will be made. Giving 
antitoxin in such a ease can do no harm, but inspection (when possible) 
and the ease with which the membrane wipes off should solve the ques- 
tion. Quinsy can also often be recognized by a fluctuating mass, felt 
on palpating with the fingers. In some rare instances, however, true 
diphtheria is also accompanied by an excessive amount of peritonsillar 
inflammation and by other symptoms of quinsy which make differentia- 
tion difficult. This further emphasizes the importance of prompt admin- 
istration of antitoxin in ample dosage. 
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Vincent’s angina is usually unilateral and is characterized by a green- 
ish gray membranous formation on an ulcerative base which, like the 
diphtheritic membrane, is not easily wiped off, while a strong fetid odor 
from the mouth may also suggest diphtheria. It differs from the latter 
in that the membrane is not influenced by antitoxin, persists for a longer 
time (about fourteen days), that local symptoms and fever are not 
marked, and finally in its bacteriology. Spirille and fusiform bacilli 
are present in such large numbers as to suggest pure cultures. It is 
important to remember, however, that spirille and fusiform organisms 
may often be associated with diphtheria bacilli. They are sometimes 
so numerous as compared with the latter, if studied without a culture, 
as to lead to a false diagnosis of Vincent’s angina. Therefore, where 
there is the least doubt a search for diphtheria bacilli should be included 
in the bacteriological examination of smears from a suspected case of 
Vincent’s angina. 

Syphalitic ulceration in the throat also frequently suggests diphtheria, 
especially since the removal of the slough may cause slight hemorrhage 
and the temperature may remain normal. But the absence of consti- 
tutional symptoms, the location of the lesions well forward in the throat, 
and usually also on the hard palate, the character of the slough, which 
is apt to be depressed with the edges of ulceration well defined, to- 
gether with the history of the case, the possible presence of syphilitic 
lesions elsewhere, the failure of diphtheritic serum therapy and the 
results of specific treatment, will generally point to the true nature of 
the disease. 

In tuberculous ulcerating sore throat, the chronicity and the pres- 
ence of tuberculous lesions elsewhere should render differentiation easy. 

In differentiating faucial diphtheria from thrush it should be noted 
that the patches of thrush are milky white in color, and occur in almost 
any situation, even on the tongue and lips. But they are not sur- 
rounded by inflammation and are easily wiped off, while the underlying 
tissue is normal. Under the microscope the patches reveal mycelia and 
spores. 

In herpes the tonsils are often the site of numerous vesicles which 
on rupturing leave grayish sores. But unlike diphtheria, herpes is 
nearly always accompanied by violent headache and also by the pres- 
ence of lesions on other parts of the buccal mucosa, especially the lips. 
Epidemics of herpes and diphtheria are often concurrent, so that the 
presence of lesions on the lips should not rule out diphtheria, and the 
proper precautions should be instituted. 

The chief source of confusion of faucial diphtheria is with scarlatinal 
angina. At first thought, especially to the inexperienced, this may 
seem incredible, since the typical case in each disorder presents dis- 
tinct and widely divergent symptoms. But hospital experience teaches 
that confusion often occurs, and with disastrous results. Differentiation 
is of the utmost importance and, indeed, presents one of the most vital 
problems in fever hospital management. 

The confusion occurs, not only in those aberrant cases of scarlatina 
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in which the exanthem is so slight as to escape detection, and where 
desquamation has not yet set in, but also in the more regular case where 
the throat symptoms during the first two or three days may be highly 
suggestive of diphtheria. The uncertainty is furthermore enhanced by 
the very frequent association of the two diseases. 

One of the most reliable symptoms in those cases which are ex- 
amined on the fourth to the sixth day of the disease is the presence 
of the ‘‘strawberry tongue’’ and its tendency to desquamation; this 
can usually be taken to indicate scarlatina. In other words, in border- 
line cases a pale, thinly-coated tongue, showing no tendency to desqua- 
mation after two or three days, is almost proof positive that the case 
is not scarlet fever. Another point of differentiation is the fact that 
in scarlatina the tonsils and the uvula are much redder than in diph- 
theria, the infiltration often extends to the hard palate, while the exudate 
which covers the tonsils in the form of small white specks consists of 
pultaceous débris which is easily wiped off and contains neither fibrin 
nor diphtheritie bacilli. The presence of the scarlatinal exanthem will, 
of course, clinch the diagnosis. The study of the palate, also, is often of 
much help in diagnosis. In scarlet fever the palate is quite consistently 
reddened and shows distinct elevations or puncte. This is rarely seen 
in diphtheria, so that in doubtful cases a pale, smooth palate is strong 
evidence, in fact almost positive proof of diphtheria. 

In the septic cases of scarlet fever with severe throat symptoms, the 
patient is flushed and restless, in marked contrast to the pallor and 
apathy that characterize diphtheria. 

As to other early symptoms, neither vomiting, rhinorrhea nor glandu- 
lar enlargement are of much aid. Vomiting, although quite a constant 
initial feature of scarlatina, may also be present in diphtheria; rhinor- 
rhea is a feature of both diseases, and the glandular enlargement in 
severely septic diphtheria may be as pronounced as in scarlatina. On 
the other hand, albuminuria is not apt to appear as early in scarlatina 
as in diphtheria, and may thus serve in differential diagnosis. In some 
instances the differentiation cannot be made until the third week of 
the disease, when the typical pinhole desquamation, or symptoms of 
nephritis or of arthritis, will settle the doubt, if it has not already been 
cleared up by bacteriological examination. 

The differentiation of laryngeal diphtheria from non-diphtheritic 
laryngeal obstruction or croup sometimes presents considerable difficulty. 
If during the course of faucial or nasal diphtheria symptoms of stenosis 
set in, the diagnosis is plain. But in cases of primary laryngeal diph- 
theria the differentiation is not easy. It is therefore a safe rule to con- 
sider symptoms of croup in a young child as suspicious, and to institute 
serum therapy at once without waiting for bacterial confirmation, more 
especially so since we know that reliance can be placed only upon 
positive and not upon negative evidence, and that in primary laryngeal 
diphtheria negative cultures mean less than in other forms and are 
therefore misleading. In some instances, after a careful examination 
the suspicion of diphtheria will fall away and it will be realized that 
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the obstruction is due to some non-diphtheritie condition, such as _lar- 
yngospasm, acute simple laryngitis, laryngismus stridulus, edema of the 
glottis, retropharyngeal abscess and influenza. In these the voice remains 
unchanged and respirations between attacks normal, whereas in laryngeal 
diphtheria, hoarseness and loss of voice are practically the rule. 

Acute simple laryngitis, which often sets in with hoarseness and a 
croupy cough, is not accompanied by persistent stridor and contraction 
of the soft parts; it yields readily to treatment, such as placing the 
child at the open window in order to give it plenty of air, and the appli- 
cation of heat (hot flannels, or cloths wrung out of hot water). The 
history of a tendency to attacks of ‘‘croup,’’ especially at night, the 
absence of constitutional symptoms and of a known exposure to diph- 
theria should rule out the latter. But well-marked and persistent 
dyspnea should arouse suspicion and no time should be lost in applying 
serum therapy. 

Special attention is directed to the importance of differentiating an 
attack of ‘‘croup’’ during the course of measles. Laryngitis, which often 
appears in measles before the eruption breaks out, may be associated 
with marked inflammation and swelling of the laryngeal membrane lead- 
ing to symptoms of obstruction with stridor and contraction ; often small 
ulcerations will be found on the epiglottis. While the appearance of 
Koplik’s spots is a reliable sign of measles, and demands the isolation of 
the patient, any doubt as to the true nature of the trouble should be 
sufficient indication for giving antitoxin. 

Very often the convulsive spasms of laryngismus stridulus suggest 
laryngeal diphtheria. But it can be distinguished by the more or less 
prolonged apnea followed by crowing gasps after the spasm relaxes and 
frequently also by strabismus and actual convulsions. Furthermore, it 
rarely attacks children over two years of age and is generally a mani- 
festation of rickets. Any of these signs should rule out diphtheria. 

The most serious affection which is likely to be confused with larvn- 
geal diphtheria is acute edema of the glottis occurring in connection with 
inflammatory or suppurative processes localized in the larynx or its vicin- 
ity, such as erysipelas, which may extend from the pharyngeal mucosa 
to the larynx and induce sudden obstructive symptoms; or severe phleg- 
monous angina may lead to acute edema of the glottis. Examination 
of the throat and the larynx and study of the history of the case will 
generally indicate the correct diagnosis. 

Retropharyngeal abscess may also often suggest laryngeal diphtheria. 
But the difference appears on inspection of the pharynx, which often 
shows a fluctuating mass that can be seen or be felt with the fingers; 
the characteristic voice also serves to differentiate the two conditions. 
Furthermore, the onset is prolonged, extending over several days or a 
week; the patient throws back the head for the better admission of air; 
there is considerable difficulty in swallowing and the swelling of the 
neck is much more marked than in diphtheria. The voice is character- 
istic, best described as a harsh, guttural pharyngonasal sound, which 
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once heard is never forgotten. The entire condition also shows evident 
of a prolonged wasting illness. 

During the severe epidemic of influenza in the fall of 1918, many cases 
were sent into the Philadelphia Hospital for Contagious Diseases with 
a diagnosis of laryngeal diphtheria, but which proved to be influenza 
with larvngeal symptoms so marked as to require intubation. The dif- 
ferentiation in favor of influenza rests upon the more pronounced con- 
stitutional symptoms, especially the prostration, which is much greater 
than in primary laryngeal diphtheria, also upon the greater tendency to 
develop pneumonia, the frequent and violent coughing resulting in auto- 
extubation, of which there seemed to be a perfect epidemic in our recent 
experience, and finally upon the failure to respond to serum treatment 
as evidenced by the necessity of re-inserting the tubes in those patients 
who survived; for this together with the danger of pulmonary involve- 
ment renders the prognosis of these cases very unfavorable. 

Other conditions that produce symptoms of laryngeal obstruction are 
the urticaria resulting from serum sickness, papilloma of the laryns, 
acute swelling of the faucial tonsils and more rarely bronchial glandular 
tuberculosis. <A careful examination together with the history of the 
ease should make the distinction clear in such instances. 

Hyperplasia of the thymus is variously reported as simulating dik: 
theritic laryngeal obstruction. The chronic condition of the illness, the 
absence of hoarseness, except as the attacks recur, and x-ray evidence 
will point to the true cause of the trouble. 

Differential diagnosis in many instances, aS we have seen, ean be 
made only after bacteriological examination. In urgent cases this ean 
often be promptly obtained by the study of smears of the false membrane 
stained with methylene blue or carbol-fuchsin. If the case is diphtheria 
the specimen will show, In addition to fibrinous threads and the usual 
buceal flora, a few bacilli strongly suggesting the Klebs-Loffler organism. 
But the absence of the latter cannot be taken as reliable evidence that 
the disease is not diphtheria, so that cultural tests will have to be the 
deciding factor. 

To obtain the material for a culture, a swab is firmly rubbed along 
the edges or under the membrane, care being taken not. to touch the 
teeth or the tongue. The swab is then rubbed on the culture medium— 
Loffler’s blood-serum—and incubated for twelve or eighteen hours at 
body temperature. In positive cases the culture will then be found to 
consist of streptococci, the usual buccal bacteria and colonies of diph- 
theria bacilli. The latter, after being collected on a platinum wire, are 
placed on a slide and stained with methylene blue (Loffier) for five 
minutes. 

The protoplasm of the bacillus will take a blue stain and the granules 
a reddish-purple. The presence of the long or short organisms with 
beaded ends, with the above method of staining, may be taken as positive 
evidence of diphtheria. This reaction, especially in young cultures, is 
sufficient for the general practitioner; sometimes the differentiation be- 
tween the Hoffmann bacillus and the rare form of diphtheria bacillus 
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The precocious type should be taken to predicate a more severe course of 
the diphtheria; it is often accompanied by cardiac symptoms and by 
the graver forms of paralysis. 

The first signs of paralysis of the soft palate are a nasal twang to 
the voice and difficulty in swallowing, fluids being returned through the 
nose owing to incomplete closure of the nasopharynx. Inspection will 
show a lax condition of the pharynx and the uvula during phonation, and 
there may also be diminished sensibility of the palatine mucosa. Isolated 
palatal paralysis, as a rule, persists for two or three weeks, rarely beyond 
that time. The first sign of regression is improvement in the act of 
swallowing, followed later by resumption of the natural voice. Palatal 
paralysis is associated with paralysis of one or more muscles in about 
sixty per cent. of diphtheria cases; it 1s most often associated with that 
of the ciliary muscles. 

Ciliary paralysis is next in frequency to the palatal affection. The 
patient usually complains of difficulty in accommodation ; although when 
he starts to read the letters appear plain, they soon become blurred. 
This loss of accommodation is a comparatively early manifestation. It 
may and usually does appear during the third week of the disease, but 
may not set in until the seventh or eighth week; it rarely persists longer 
than five, the average being about three weeks. In young children, un- 
able to read, this complication may often be missed. The phenomenon 
is occasionally accompanied by abductor paresis manifested by stra- 
bismus; less often it is associated with ptosis, and in rare instances with 
optic neuritis. 

The ertremities are involved in postdiphtheritie paralysis almost as 
often as the muscles of accommodation, and in about one-third of all 
eases the paralysis is limited to these regions. The lower members are 
usually the first to be affected, the symptoms often beginning with a 
creeping sensation and weakness in the Jegs, ataxie gait, and diminished 
or abolished patellar reflexes. There is often some disturbance of sta- 
tion, anesthesia and hyperesthesia, especially in the distal portions of 
the member. Sometimes the process is arrested at this stage of ‘‘acute 
ataxia,’’ and normal conditions return in from four to six weeks. In 
more severe cases the ataxic symptoms are followed by paresis and de- 
generative paralysis of individual muscles (peroneus, ete.), the patient 
being unable to support the body. There is also flaccid paralysis with 
partial degenerative phenomena and associated involvement of the upper 
members as well as of the trunk and the nape of the neck. Even in the 
most pronounced cases recovery is the rule, especially after massive 
doses of antitoxin. But convalescence is often prolonged over two or 
three months, or more, and in some rare instances, especially after paraly- 
sis of the ulnaris, contractions may be permanent owing to atrophy of 
the interossel. 

The most distressing and most fatal type of postdiphtheritic paraly- 
sis is that of the respiratory muscles, the intercostals, especially of the 
diaphragm. In isolated paralysis of the thoracics the diaphragm re- 
mains almost immobile during respiration, the act being carried on by 
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the intercostals and other extraordinary muscles. Paralysis of the dia- 
phragm is manifested by the absence of abdominal arching during in- 
spiration, while if there is also a paresis of the abdominal muscles, 
expiration becomes increasingly difficult. Often there is an associated 
paralysis of the thorax which increases the distress and is frequently 
accompanied by dyspnea and paralysis of the larynx, necessitating 
tracheotomy. Death ensues either from respiratory paralysis or from 
aspiration pneumonia. Jochman observed this distressing generalized 
paralysis in 3.8 per cent. of 130 cases of postdiphtheritic pareses. 

Paralysis of the pharyngeal muscles may also take place without gen- 
eralized paralysis. It can be recognized by loss of voice, with a peculiar, 
high-pitched, rattling cough, a tendency to splutter while eating, and 
inability to swallow and to clear the throat. Food may pass into the 
larynx, producing complete sudden obstruction, or pneumonia may re- 
sult from particles of food entering the lungs. Ker reports a case in 
which pulmonary tuberculosis developed after this type of ‘‘food pneu- 
monia.’’ The condition is serious because of the danger of the patient’s 
choking to death. In severe diphtheria this type of paralysis may occur 
early and in conjunction with palatal paresis. But it usually takes 
place during the fifth to the seventh week of the illness and generally 
disappears in about ten days. 

In addition to these—the more frequent and important postdiphtheri- 
tic paralytic manifestations—paralysis of almost any nerve, either iso- 
lated or in association with other nerves, may result from the effects 
of the diphtheria toxin. Fortunately, these pareses are rarely simul- 
taneous but follow each other, the one appearing as the other improves. 
The prognosis is generally favorable, reeovery being the rule. 

A much dreaded and often fatal complication of diphtheria, which is 
especially liable to occur in the laryngeal cases, is bronchopneumonia. 
While it is mostly due to some other septic infection, particularly strep- 
tococcic, it may sometimes be purely diphtheritic in character. The 
symptoms are persistently high temperature, rapid respirations and 
more or less coughing. Fine crepitations may sometimes be made out, 
but more generally the physical signs are obscured owing to intubation 
or tracheotomy. In spite of the relief to the laryngeal obstruction af- 
forded by the latter, the condition may spread, Jeading to death in two 
or three days. In the favorable cases, however, temperature and respira- 
tion subside gradually, reaching the normal in from ten days to three 
weeks. 

It may also happen that the ear becomes infected by way of the eus- 
tachian tube, resulting in otitis media. The discharge, at first clear, 
soon becomes purulent, and may also be hemorrhagic. It generally sub- 
sides completely, and is very rarely so severe or extensive as to lead to 
mastoiditis; some authorities claim that it never occurs, but we have 
observed it in two cases in an experience of eleven years covering very 
nearly 21,500 cases. 

The toxic effects of the disease are also seen in the emaciation of the 
patient, increasing almost to cachexia, and in the nephritis which some- 
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times appears aS a complication of severe cases of diphtheria. Albu- 
minuria, a8 we have seen, is commonly regarded as one of the symp- 
toms of the disease, but in some instances, not necessarily only the 
severe cases, there is a true acute parenchymatous nephritis with excre- 
tion of large amounts of albumin (8 to 10 per cent.), casts and leuko- 
eytes. Asa rule, however, severe malignant diphtheria is accompanied by 
constant albuminuria of 2 to 3 per cent. The urinary output is reduced, 
but not so much as in scarlatina, specific gravity is increased and uro- 
bilinuria is not uncommon. The urine is rarely blood-stained. Diph- 
theritic albuminuria in the favorable cases (those that do not succumb 
to heart or other complications) usually subsides in two weeks, and in 
the lighter cases in two or three days; it very rarely develops into chronic 
nephritis. 

Association with Other Diseases.—Diphtheria is liable to be asso- 
ciated with one or more of any of the other acute infections, the most 
frequent combination being scarlatina. It may set in early in the scarlet 
fever, but in reality this is rather unusual. The pseudo-membrane of 
early scarlatinal angina is often so much like true diphtheria that, 
judged by the membrane alone, differentiation is almost impossible and 
can be made only after repeated cultures. It is this type which fur- 
nishes a large percentage of so-called, but not actual, mixed infections. 
The fact that a positive culture is occasionally obtained from these cases 
does not necessarily indicate true diphtheria, since it may represent a 
diphtheria carrier who happens to have developed scarlet fever. At the 
same time, it is best to give these patients the benefit of any doubt that 
may exist and to administer antitoxin at once. This is especially ad- 
visable in fever hospitals, inasmuch as it at once wards off the danger 
of diphtheria, at least during the acute stage of scarlet fever, and thus 
gives the patient a better chance of combating the scarlatina, which is 
not in any way influenced by the antitoxin. 

It is from the third to the sixth week of the scarlet fever that the 
patients show the greatest susceptibility to diphtheritic infection. This 
cross-infection is more liable to occur in hospital than in private prac- 
tice, since it may happen that a mild case of diphtheria will go unde- 
tected and thus become the source of infection for other scarlatinal cases. 
The course of a diphtheritic infection developing in these cases differs 
in no way from primary diphtheria, except that the prognosis may be un- 
favorably affected owing to the weakened condition of the patient. At 
the same time, when the cross-infection does occur in a fever hospital 
the prognosis is more favorable than in private practice because of the 
constant vigilance that prevails in a well-conducted hospital, which per- 
mits of prompt recognition as well as prompt treatment with antitoxin. 
On the other hand, scarlet fever developing on diphtheria may present 
an unfavorable outlook, inasmuch as the already damaged condition. of 
the mucous membranes, especially of the throat, is apt to conduce to 
the severer manifestations of scarlatinal angina. 

Measles also seem to show a particular predisposition to diphtheritic 
infection, the catarrhal condition presenting a focus of minor resistance. 
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In the majority of cases the diphtheria accompanying measles is of the 
laryngeal type. The croup may be preceded or accompanied by nasal 
diphtheria. Loss of voice, dyspnea and contraction of the soft parts of 
the chest during the course of measles should at once arouse suspicion 
and call for immediate serum treatment. The prognosis of the combina- 
tion is grave on account of the danger of bronchopneumonia. 

The same danger is present when diphtheria develops during whoop- 
ing-cough. When thus associated the onset of the diphtheria is apt to 
be insidious, the pharynx remaining clear, and the first signs of the 
added trouble being obstructed breathing or a ecatarrh in one or both 
nostrils with a profuse mucopurulent discharge, cultures of which re- 
veal the diphtheria bacillus. The diphtheritic process, after persisting 
for some days, often spreads to the pharynx, resulting in an acutely 
serious condition; or faucial or laryngeal diphtheria may also develop 
without the primary nasal invasion. 

Diphtheria sometimes develops during typhoid fever and is apt to be 
mistaken for laryngeal manifestations of the latter. Symptoms of laryn- 
geal stenosis during typhoid fever should arouse suspicion and unless 
diphtheria can be absolutely ruled out, should be combated by the prompt 
use of antitoxin. 

The association of varicella and diphtheria is not uncommon, but is 
of little import as affecting the diphtheria. Acute anterior poliomyelitis 
with diphtheria is a more serious combination. During the epidemic of 
the summer of 1916 the two diseases were often associated and proved 
fatal in a number of instances in the author’s experience. 

Clinical Varieties.—Variations may occur, from the severely malig- 
nant type of diphtheria which yields neither to serum therapy nor to 
cardiac stimulation and runs a fatal course in three or four days, to the 
less malignant type, which, with prompt administration of antitoxin, may 
result in recovery, but in which the postdiphtheritic manifestations delay 
convalescence and continually threaten life, and to the bemgn catarrhal 
type presenting merely a catarrhal or follicular angina, diagnosable 
mainly by bacteriological cultures. 

In the malignant type the invasive symptoms may be insidious, and 
the throat unobtrusive, although examination on the first day will reveal 
the presence of the typical membrane; or the invasion may be sudden 
and stormy. The membrane rapidly develops on the tonsils, the uvula 
and the soft and hard palate, and may extend to the nose, from which 
visible particles often protrude or are emitted on blowing the nose; it 
may also settle around the anterior nares and on eroded surfaces around 
the corners of the mouth. Hemorrhagic tendency is a feature of the very 
severely malignant faucial diphtheria and occurs into the skin surfaces, 
especially those of the extremities, the trunk and the forehead. 

The patient’s appearance is marked by extreme pallor, apathy and 
stupor. He breathes through the mouth, emitting a characteristic fetid 
odor. The membrane spreads widely over the fauces and tonsils, and is 
of a dirty gray color with dark, hemorrhagic central areas. 

The pulse is rapid, and extremely soft and irregular. There is often 
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a tendency to vomit, a very bad prognostic sign. Death generally re- 
sults from cardiac failure, and may be sudden, due to the strain of 
vomiting, or it may be slow, occurring as late as the second week, or 
later, accompanied by manifestations of severe toxemia, paralysis of the 
heart or of other muscles, or of a low form of bronchopneumonia. The 
fever in the more favorable cases may rise to 102° F. (38.9° C.), but it 
soon falls and remains around 100° F, (37.8° C.). The liver and the 
spleen are swollen, and kidney involvement is manifested by albumin and 
casts In the urine. On about the sixth day the membrane begins to sepa- 
rate and the temperature soon returns to normal. But the patient 1s 
listless, emaciated, pale and weak. The edema of the neck subsides and 
the swelling and tenderness of the glands disappear. The membrane may 
separate in a mass, although sometimes it fades away so gradually that 
it is difficult to determine just how Jong the process lasts. 

Convalescence is slow and often protracted by postdiphtheritie mani- 
festations, especially paralysis of the muscles of the soft palate or of the 
pharynx, and by eardiae arhythmia. 

The benign catarrhal type of faucial diphtheria is diagnosable mainly 
by bacteriological cultures. It generally runs a rapid course: although 
the temperature may rise to 102.2° F. (39° C.), it nearly always sub- 
sides in two or three days. This type may, however, develop into laryn- 
geal croup, so that it is imperative to give all cases of angina developing 
in a diphtheritic environment antitoxin treatment. 

In addition to this mild variety of faucial diphtheria there is an aber- 
rant type which results from secondary pyogenic infection and which 
may lead to severe parenchymatous tonsillitis in which the tonsils are 
covered with the false membrane and the mucosa of the soft palate and 
of the hard palate is red and edematous, interfering with respiration 
and with swallowing. The tonsillar swelling usually subsides and only 
rarely is there abscess-formation which, if it occurs, necessitates Incision 
and drainage. 

Extension of the diphtheritic membrane from the fauces to the nose 
occurs in about twenty per cent. of cases; but nasal diphtheria. may 
also be a primary manifestation of the disease. Rolleston observed it 
in 1.5 per cent. of 3,000 cases of angina. This type is particularly dan- 
gerous and is more generally fatal than the faucial type. Because of 
the difficulty of its early recognition, treatment is apt to be delayed, 
unless the membrane happens to localize within the nostril and can be 
scen on examination. Otherwise there is nothing that would arouse 
suspicion that the rather severe nasal catarrh, with more or less marked 
constitutional symptoms, is due to the presence of the diphtheria bacillus 
on the nasal mucosa, until the advance of the disease leads to unusual 
prostration and the discharge from the nose assumes a serosanguineous 
character; often the discharge of a fragment of membrane is the first 
hint of the true nature of the disease. By this time the toxemia will 
already have had a chance to gct in its destructive work. If, however, 
simple nasal diphtheria is recognized early and is promptly treated with 
antitoxin there is no reason why it should be any more dangerous than 
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the simple faucial disease. With a history of exposure to diphtliritie 
infection, every discharging or dirty nose should be considered as a prob- 
able case of diphtheria and should have antitoxin treatment at once. 

Sometimes infection is carried by way of the eustachian tube to the 
ear, which presents inflammatory symptoms and, at times, contraction of 
the ear-drum. The onset of diphtheritic otitis is usually insidious, not 
making its appearance until the faucial or pharyngeal diphtheria is on 
the wane. The symptoms are gradually increasing pain in the ear, often 
progressing quickly to perforation of the ear-drum, and the discharge 
of a seropurulent or sanguinopurulent secretion. The prognosis of diph- 
theritic otitis is generally favorable; it rarely develops into mastoiditis, 
and hardly ever leaves any trace of impaired hearing. Diphtheria may 
also attack the tongue and the mouth, but the condition is very unusual. 

Laryngeal diphtheria or croup, like the nasal variety, is dangerous 
because of the difficulty of inspection and the consequent delay in serum 
treatment. The infection may be primary, or it may result from in- 
fection from faucial diphtheria. In the primary type the usual consti- 
tutional symptoms are often wanting, either because death may ensue 
from obstruction before the symptoms of toxic absorption have had a 
chance to appear, or because the larynx, compared to the pharynx, pos- 
sesses a weaker power of absorbing toxins. 

Laryngeal diphtheria is more apt to occur in very young children 
than in older ones, and in view of the narrowness of the infantile larynx 
and the tendency to convulsions, laryngeal croup is always a serious 
matter in a young child. As a rule, the first indication of the trouble 
is huskiness of the voice with a typical barking, ‘‘brassy’’ cough, soon 
succeeded by loss of voice, inspiratory stridor, recession of the soft parts 
of the chest, cyanosis, restlessness, and rapid, weak, irregular pulse. 

Very often the condition is preceded by a cold in the head, of one 
or two days’ standing, which differs very little from an ordinary rhinitis, 
except that the diphtheria bacillus will be found in the secretion; or the 
discharge may be seropurulent and the resulting excoriation around the 
nose may arouse suspicion of the nature of the secretion. 

In older children and in adults extensive involvement of the larynx, 
the trachea and even the bronchi may occur unaccompanied by urgent 
symptoms; the patient may cough up membranous casts of these struc- 
tures and recovery may take place without any operative interference ; 
in the severe toxic cases the patient dies, not from the diphtheria, but 
from cardiac failure. 

Laryngeal diphtheria is the type most likely to develop when diph- 
theria supervenes as a secondary manifestation of one of the other acute 
infections, especially measles and whooping cough, the combination being 
particularly serious on account of the tendency to bronchopulmonary 
involvement presented by the primary, as well as by the secondary—the 
laryngeal—diphtheritic infection. 

Bronchopneumonia, in fact, represents one of the great dangers of 
diphtheria of the larynx, either through invasion of the diphtheritic or- 
ganism or from secondary pyogenic infection. Very often the compli- 
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cation is the direct cause of death, and at autopsy in such a case 
the membrane will be found on the trachea, the bronchi and even on the 
bronchioles. During life the membrane may be coughed up, although 
this is not as usual now as formerly, before the introduction of anti- 
toxin, and occurs only in advanced and neglected cases. Sometimes 
the separation of a larger piece of membrane in the trachea or larynx 
may cause suffocation, which can be relieved only by immediate 
tracheotomy. 

In most cases tracheotomy, if performed between the second and 
the fourth day, and the prompt administration of antitoxin lead to a 
rapid regression of the distressing symptoms. The fever subsides in two 
or three days, the diphtheritie process is inhibited and particles of mem- 
brane are coughed up through the tube or cannula; generally the tube 
can be removed in two or three days. 

In cases that do not come to treatment until the fifth or the sixth 
day, tracheotomy may relieve the local symptoms, but serum therapy 
instituted as late as that will scarcely modify the systemic effects of 
the toxemia, especially on the heart, so that the condition generally de- 
velops the severely malignant picture of diphtheria, ending in death. 

Tracheal diphtheria is the type in which the exudate and the inflam- 
mation are below the glottis; the voice is then, of course, not affected 
and the cough will not be croupy. The symptoms of obstruction, how- 
ever, may be just as marked as in laryngeal diphtheria. When the dis- 
ease is limited to the larynx and the trachea there is little toxemia, and 
the symptoms are those of mechanical obstruction with possibly fatal 
suffocation as the ultimate result. Late heart-failure and paralysis are 
rare. 

The temperature remains elevated, especially if the lungs are in- 
volved; but when the laryngeal and tracheal affection are associated 
with the faucial and nasal types of diphtheria, the temperature remains 
consistently normal unless there 1s pulmonary involvement. Adenitis 1s 
present only when the laryngeal infection is an extension from the throat 
and nose. 

As already indicated, the diphtheritic membrane may develop any- 
where on abraded mucous or skin surfaces. Cutaneous diphtheria is 
more common among children than among adults, and most frequently 
develops on the anal and genital regions, in the form of small ulcers 
which generally heal quickly, or in the form of a membrane with con- 
siderable edema of the surrounding parts. The membrane may develop 
on the conjunctiva, either directly or from infection from the faucial 
or nasal types of the disease. The eye symptoms in such cases vary 
according to the deep or superficial character of the affection. In the 
presence of diphtheria elsewhere, any eye symptoms should receive 
attention. 

Wound diphtheria results from infection of a wounded surface either 
from scratching or from contagion from a case of diphtheria. Post- 
diphtheritic paralysis is not unusual in such cases, and it is interesting 
to note that the paralysis begins in the affected parts, as, for example, 
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paralysis of the thumb when that member has been the site of infection. 
The fingers are often infected, especially in young diphtheritie patients 
who are apt to put the fingers into the mouth; often in this way faucial 
diphtheria develops from transference of the membrane that has de- 
veloped primarily on the fingers; and the physician’s fingers, while per- 
forming intubation, may be infected in this way through some slight 
wound. The result is usually a more or less painful bleb which bursts 
and results in a sore covered with specks of diphtheritic membrane. 

Treatment.—A logical sequence of topies in the discussion of diph- 
theria would require treatment to precede diagnosis, for, as has been 
already indicated, treat and then diagnose is the one safe method when 
the physician is confronted with a throat which arouses the slightest 
suspicion as to its innocent nature. Conformity, however, demands that 
treatment be considered at this time. 

PROPHYLAXIS.—Active immunization of all children is to-day 
receiving considerable attention. The advocates of this procedure are 
hopeful that its general application will bring about the same reduction 
in morbidity and mortality as obtains from vaccination against small-pox. 

Actwe Immunization by Means of Toxin-antitoxin (T. A.).—This 
method was first suggested by Theobald Smith and put to a practical 
test by von Behring. In this country it has been brought to some degree 
of perfection, particularly by the investigations of Park and Zingher. 
These authors find that those individuals who give a negative Schick 
test (see belou:) after the age of two or three years are probably immune 
for life. For those who are not immune and for whom a longer immuni- 
zation than that derived from the « ititoxin is desired, they advise the 
use of toxin-antitoxin, which they claim provides lasting immunity 
in from 95 to 100 per cent. of sus: eptible individuals. This 1s shown by 
their observation that during subsequent exposure to diphtheria, children 
thus inoculated did not develop the disease, the immunity persisting for 
at least three years, the Schick test having again proved negative at that 
time. For the treatment of diphtheria contacts, T. A. 1s not as valuable 
as the antitoxin because in the majority of cases the immunity develops 
slowly ; susceptible individuals should therefore be given both. For the 
protection of a community or the inmates of an institution for a number 
of years, T. A. is of the utmost value. For general prophylaxis it is 
given in doses of 85 to 90 per cent. of the L, dose of toxin to each 
unit of antitoxin, three injections of 1.0 c.c. each (of the T. A.) admin- 
istered subcutaneously at intervals of one week. This is given to adults 
who give a positive Schick reaction and to children over eighteen months 
of age. The administration of the toxin-antitoxin thus early in life con- 
fers immunity at least for the period of the child’s greatest suscep- 
tibility to diphtheria. 

In the presence of what appears to be a case of diphtheria, the isola- 
tion of the patient 1s imperative under the same general measures as 
those described for the scarlet fever patient (pp. 255-259 of this volume). 
Quarantine is not essential since cultures of exposed persons are always 
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taken, and if these are found to be negative and there are no symptoms of 
che disease, there is no necessity for detaining the subjects. 

As regards the protection of contacts by antitoxin administration, we 
are not in favor of its indiscriminate use except in institutions har- 
boring a number of children, or in general hospitals and fever hospitals 
where facilities for separating contacts are limited, and where, owing to 
reduced resistance, the susceptibility of contacts is probably increased. 
The protective value of antitoxin does not extend beyond three weeks; in 
fact, we have known it to last as short a time as eleven days. In view 
of this it must be borne in mind that the sensitized condition of the 
blood produced by the serum may result in anaphylaxis, which experi- 
ence has shown may develop in those who have had an immunizing dose 
and later require a curative dose of the antitoxin owing to the subsequent 
development of diphtheria. Moreover, we have in the Schick test a 
method with which the susceptibility of those who have been exposed to 
the disease can with reasonable certainty be determined. This consists 
of intradermic injections, preferably into the arm, of a minute quantity 
of diphtheria toxin, a local reaction following if there is less than one- 
thirtieth of a unit of antitoxin per c.c. of blood, the amount considered 
sufficient to protect the bearer against diphtheria. If no reaction (ex- 
cept that from the puncture) follows within from twenty-four to thirty- 
six hours, the subject may be considered immune, that is, he possesses 
enough antitoxin to neutralize the injected serum. But in those who 
do not possess this antitoxin within themselves a positive reaction ap- 
pears within from twenty-four to forty-eight hours in the form of a cir- 
cumscribed area of redness about one-half centimeter in diameter, which 
persists for several days and gradually disappears, leaving a brownish 
pigmented spot with superficial sealing which may be visible for several 
months. <A pseudo-reaction may sometimes take place, which can be 
recognized by its early appearance—within twelve hours—by its less 
well-defined area which is surrounded by a pinkish band, and by its 
disappearance within forty-eight hours. Sometimes for control an in- 
jection is made into the other arm, using 90 per cent. more of the serum 
than for the test arm, heated to 75° C. in order to destroy those quali- 
ties in the substance that are easily altered by heat. 

It is interesting to note that in the negro the reaction is as clear-cut 
as in the white, the pigmentation being darker than the skin, and that 
the adult negro shows the same degree of immunity as the adult white. 
Lichenification occurs in all positive cases, regardless of the color of the 
skin, and promises to be of value in differentiating positive from nega- 
tive reactions in those rare instances where an increase of pigmentation 
does not take place for one reason or another. 

Separation and isolation of contacts, culturing the throat, and care- 
ful examination and inspection of the throat twice daily for the length 
of the incubation period, with the prompt administration of antitoxin 
at the slightest sign of trouble are, in the author’s opinion, more ad- 
vantageous than the indiscriminate use of antitoxin in the prophylactic 
treatment of contacts. But these measures are not always feasible, so 
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that immunization becomes the more common measure, especially for 
those who give a positive Schick test. 

The immunizing dose of antitoxin (any reliable preparation can be 
used) varies from 1,000 to 1,500 units, the larger dose being given to 
inmates of institutions or when exposure has been prolonged for five 
or six days. Infants from six to twelve months should have from 500 
to 1,000 units, while for those less than six months the dosage may be 
reduced, down to 100 units for the newborn child, should it be found 
desirable to immunize such young children. 

The injection is given intramuscularly and is ordinarily not followed 
by any reaction, except perhaps a very little local discomfort, a tem- 
porary rise of temperature and sometimes a transient urticarial, morbilli- 
form or scarlatiniform rash. 

Contacts, particularly young children, often appear to be suffering 
from a cold, which frequently proves to be diphtheria. Such a child 
should receive a curative dose and should be cultured and kept under 
observation. 

The curative dose may be given subcutaneously, intramuscularly or 
intravenously. The subcutaneous method is rapidly falling into disuse 
owing to its slow absorption and to the greater and more prolonged 
discomfort attending the injections. 

The intramuscular injection is simple, causing a minimum of discom- 
fort; its action is, moreover, prompt and efficacious. The point of elec- 
tion is the anterior external surface of the thigh at the juncture of the 
upper and median thirds. The site, after being cleansed, is painted with 
tincture of iodin; the needle is then thrust well into the muscle, and un- 
less the fluid is foreed in with too great rapidity, little pain will be ex- 
perienced. The wound should be closed with a small pledget of cotton 
and collodion. 

In view of the fact that we are not in a position to determine with 
accuracy the virulence of a given attack, that is to say, the definite 
amount of toxemia with which we have to deal, the dosage will always, 
to a certain extent, be empirical, based largely upon experience. While 
in general the author is in favor of large doses, certain factors enter 
into consideration. These are the general condition of the patient, his 
age, the duration of the disease, the location and extent of the diph- 
theritic process on the day the antitoxin is administered, the patient’s 
susceptibility and the virulence of the organism. We have no way of 
dealing with the last two, so that they need no further consideration. 

The effect of the toxemia on the particular individual must be con- 
sidered in estimating the amount to be given. Two patients who have 
been attacked at the same time under the same conditions may present 
widely differing degrees of toxemia, the one showing marked pallor, list- 
lessness, prostration, together with pronounced glandular enlargement 
and albuminuria, while the other is not nearly so severely affected. The 
former will, of course, require a larger dose than the latter. But the 
amount should never be reduced below a certain working minimum to 
meet the probable requirements of a given case. 
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The age of the patient is of importance only in that infants under 
two years of age should have about half the amount necessary for older 
children and adults. The author rarely gives legs than 5,000 units. 

As to the duration of the disease, it is a matter of common experience 
that antitoxin given after the third day is much less efficacious and will 
require a larger dose than if given earlier. Therefore, in order to ensure 
the best results in arresting the disease and the avoidance of complli- 
cations and sequele, the rule to be observed is early administration and 
a sufficient dose at the first injection. In general, it may be said that a 
larger dose than necessary does no harm, but an insufficient amount may 
result in the death of the patient. Usually one dose suffices to prevent 
the spread of the membrane; but if after from twelve to twenty-four 
hours the membrane appears to be extending and the general condition 
fails to improve, a second dose should be given. 

Tonsillar cases in which the membrane is limited and the case is 
examined on the first day will require 10,000 units; if there is the 
least sign of dyspnea, 15,000 units must be given. A case examined on 
the second day of the disease should have at least from 15,000 to 20,000 
units, and after that 20,000 units or more should be given. 

In nasal eases where there is but slight moisture from the nares and 
diagnosis is made by cultures only, the dosage, if administered on the 
first day of the disease, should be 10,000 units or more, according to 
the time that has elapsed from the onset of the disease and the insti- 
tution of serum therapy. However, in nasal cases where there is a 
distinct membrane with discharge and signs of toxemia, 20,000 units 
should be given as an initial dose on the first day of the disease, in- 
creasing to 30,000 or even to 50,000 units if seen as late as the third day. 

The maximum total dosage that may be given to an individual during 
the course of the disease is limited only by the supply available for a 
single case rather than by any ill effects that may result from large 
doses. The author has known 300,000 units to be given (subcutaneously), 
resulting in recovery. 

With the proper technic carried out under antiseptic precautions and 
the use of a reliable sterile serum, complications do not oecur from the 
use of antitoxin. Abscess-formation at the site of injections is rare, 
especially if the intramuscular method is used, which avoids the marked 
and persistent soreness that follows the subcutaneous method. 

Intravenous administration of antitoxin is particularly useful in the 
treatment of late, advanced cases. At the Philadelphia Hospital for 
Contagious Diseases it is also being used with excellent results in the 
moderately severe cases. It presents the great advantage of prompt 
action and of requiring a smaller dose than the other methods, and is 
therefore less expensive. Its prompt effect is readily explained when we 
consider that it is through the blood that the antitoxin is distributed 
to the place where it binds and neutralizes the toxins; it thus further 
prevents the toxin from passing out into the tissue cells. Park states 
that 5,000 units given intravenously are as effective as 20,000 given sub- 
cutaneously. Six hours after the injection the blood contains 20 units 
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per c.c. of blood as against 2 units per c.c. of blood after subcutaneous 
administration of the serum. The membrane disappears more quickly ; 
the patient feels well; the bacillus also disappears from the body sooner, 
and therefore the number of carriers is reduced; furthermore, fewer 
heart-failures and fewer cases of paralysis follow during the course of 
the disease. 

The injection can be made in the vein of the arm, but when this is 
not easily done, as in young children, where, owing to the smallness of 
the vein, it will often be necessary to cut down to it, the external jugular 
forms a convenient site for the injection. There is generally less pain 
during and after the administration of antitoxiu by this method than 
by the other routes. Antitoxin of high potency should be used, say 2,000 
units per c.c. and diluted about one-half with physiological salt solution 
(the dilution being made in the laboratory), warmed to a little above 
body temperature and placed in an ordinary 5 ce. or 10 c.c. glass syringe 
at the time of making the injection; for children a No. 22 and for adults 
a No. 19 gauge can be used. For ordinary cases, with membrane on 
both tonsils but not extending to the pillars, a dosage of 3,000 units 
should suffice and need not be repeated; for more extensive involve- 
ment a single dose of 5,000 should prove effective. In the more ad- 
vanced and very desperate cases the author has given 10,000 and even 
20,000 units with brilliant results. Sometimes in this type of patient it 
has been found advantageous to use both routes, that 1s, to reénforce the 
intravenous with the intramuscular injection of the serum. 

If a high potency serum is used very little reaction results from its 
administration intravenously ; any reaction that does occur is but transi- 
tory and not worthy of consideration in view of the advantages the 
method presents. The only disadvantage is the delicate technic, which 
requires experience and skill. 

A serum reaction from the injection of antitoxin results in a varying 
percentage of cases. A few years ago the author observed it in 43.4 
per cent. of 1,000 cases. The effect is manifested by an urticarial, mor- 
billiform or scarlatiniform eruption accompanied by general’ malaise, 
fever, nausea, vomiting, violent itching, joint pains and sometimes edema. 
It is self-limited, requires no special treatment and is never serious. 

Anaphylazis, or serum sickness, on the other hand, is of moment in 
that it may lead to collapse and death. On the whole it is very rare, so 
that the urgent necessity of administering antitoxin entirely outweighs 
any danger that may be connected with its use. Indeed, in the face of 
a genuine Klebs-Léffler infection, we know of no contra-indication to the 
use of antitoxin. Some persons who have been sensitized by a previous 
dose of the serum, and others suffering from what is known as horse 
asthma exhibit a tendency to develop serum sickness. A skin test is 
useful for detecting such individuals. The test is made by scarifying 
the skin and applying a little serum. The appearance in from 2 to 15 
minutes of an urticarial reaction indicates susceptibility. Such persons 
should be given serum treatment under special precautions and only 
after careful consideration as to which is the lesser of the two evils. 
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Often it becomes necessary to differentiate a serum rash from a true 
exanthem of infectious disease, such as measles, scarlatina, etc. The urti- 
carial rash is, of course, easily recognized, especially with the knowledge 
that antitoxin has been administered, while the presence or absence of 
Koplik’s spots and coryza will be sufficient indication of whether the 
eruption is due to measles or to the serum reaction. But with a scar- 
latiniform rash we cannot be so certain, and in view of the frequent asso- 
ciation of the two diseases, it is best, especially in an institution, to treat 
all searlatiniform rashes as scarlet fever and to isolate the patient from 
the diphtheria patients and, for obvious reasons, also from the scarlet 
fever cases. Diagnosis can then be made sooner or later, according to 
the developments of the case. 

For relapses some caution is required in estimating the dosage of anti- 
toxin. Although most authorities claim that these are apt to be milder 
than the original attack, and for that reason feel justified in hesitating 
to give the antitoxin unless the symptoms are alarming, the author con- 
siders that in the face of a genuine second attack of diphtheria a curative 
dose of antitoxin is in order, since it is the only certain cure at our dis- 
posal. It surely represents the minor of the two evils, since the risk of 
fatal anaphylaxis is so very much less than the effects of the disease, 
with death as a possibility. The discomfort from the reaction is in no 
way comparable to the comfort of feeling that a quick cure has been 
obtained. The author has never observed a fatal or even a serious re- 
action following a second or spaced injection of antitoxin in the large 
number of instances in which he has used it. 

If every case of diphtheria could be examined during the first twenty- 
four hours after onset, the treatment could be summed up in two words 
—antitoxin, rest—and the whole course of the disease from first to last 
could be described in three words, antitoxin, rest, recovery. But un- 
fortunately this is too seldom the case and the general management of 
diphtheria still requires consideration. 

GENERAL MANAGEMENT.—For simple faucial diphtheria, if the pa- 
tient is to be treated at home, the sick room should be large, airy and 
as well ventilated as possible, the temperature being kept at 65° F. 
(18.3° C.). Hospital patients should be allowed as many cubic feet of 
alr as the circumstances permit. In fact, the author finds open air 

treatment to be as desirable for diphtheria as it is for scarlet fever. 
During the past two years he has obtained excellent results by placing 
as many cases as possible, particularly the toxic and the laryngeal ones, 
in the open corridors day and night during the mild months, while dur- 
ing the severe winter months a room off the ward, known as the cold 
room, is set apart for these patients. The windows on one side are 
kept open continuously, the patients being covered and wrapped, with 
only the face exposed. This treatment is conducive to sleep, and is not 
only well tolerated, but is often requested by the older children and 
adults. In certain cases of paralysis of the respiratory muscles it has 
been known to be a life-saving measure. Absolute rest in bed is impera- 
tive even for the mildest cases, and for the severe ones it should be con- 
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tinued during convalescence. Owing to the danger of heart complica- 
tions, absolute rest should be taken to mean the avoidance of all un- 
necessary movements on the part of the patient. At first no pillow 
should be allowed, but if this is too irksome one soft pillow may be 
permitted ; at the slightest sign of heart-failure it should be withdrawn, 
and, if necessarv, the foot of the bed elevated. In mild cases the patient 
may gradually be allowed to sit up in bed, well supported by pillows 
during the third week, and to Jeave the bed for an hour or two at the 
beginning of the fourth week. The severe cases in which complications 
are to be expected should be kept flat in bed for at least five weeks, after 
which time, in the absence of cardiac or paralytic manifestations, a grad- 
ual relaxation of these strict measures may be allowed. But severe cases 
in which the much feared complications set in must be kept in bed for 
eight weeks or longer if the complications still persist. 

The diet during the acute stage should be limited to liquids, milk, 
beef-juice, fresh fruit juice every three hours. Over-feeding should be 
avoided in order to prevent vomiting, the strain of which may react on 
the heart. Difficulty in feeding, which often arises owing to paralysis 
of the pharyngeal muscles, can be overcome by nasal feeding through 
a catheter. The strict regimen of scarlet fever is not called for in diph- 
theria, so that after the acute stage is passed, as shown by normal tem- 
perature, disappearance of local symptoms, and absence of renal in- 
volvement, the diet may be cautiously increased to include stewed fruits, 
soft-boiled eggs, bread and butter, gelatin, light puddings, gruel, well- 
cooked cereals, and can be rapidly followed by a full diet. 

MEDICINAL TREATMENT.—There are no drugs that are in any sense 
specific for diphtheria. Stimulation of some kind is required in all cases 
during the acute stage. For the mild cases strychnin in moderate doses 
will suffice ; the severer ones will require in addition alcohol, preferably 
whiskey or brandy, and also caffein; salt solution per rectum will be 
found of value in advanced eases. During convalescence general tonics 
will be needed. Some form of iron is always indicated, preferably the 
syrup of iodid of iron. 

It is important to keep the bowels open in order to avoid straining 
at stool, or vomiting, both of which may produce collapse owing to the 
weakened condition of the heart. For the same reason purgatives should 
be avoided. 

We cannot afford to ignore the function of the kidneys in diphtheria. 
Although actual nephritis is rare, it is not unknown and must be guarded 
against by the usual measures for free elimination. In some severe cases 
of diphtheria with vomiting, the latter may be duc to a previous acidosis 
eaused by adrenal exhaustion. For this condition the administration 
of large doses of alkali daily every four hours given at the earliest pos- 
sible moment is indicated. 

The management of laryngeal diphtheria presents a more complex 
problem, inasmuch as in addition to the intoxication there is the me- 
chanical obstruction to breathing with asphyxiation as a possibility. 
Sometimes breathing may be made a little easier by keeping the patient 
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warmer than in the pharyngeal cases and by the use of steam from the 
croup-kettle and allowing free access of fresh air. In using steam in 
the laryngeal cases care should be taken not to exclude the air. A simple 
canopy with the spout of the croup-kettle so situated as to allow the 
steam to flow toward the patient’s head will be sufficient. Often the 
patient will show evidence of the relief experienced in placing his head 
directly in the path of the current of steam. The author does not ad- 
vocate the addition of drugs (medicated vapors) such as benzoinum 
tinctura composita to the steam. They give no better results than ordi- 
nary steam. 

For the treatment of dyspnea turpentin stupes applied to the neck 
and upper chest have proven of great advantage. Relief is often prompt 
and appreciation is often expressed by the older patients. For the 
stupes we use oleum terebinthinz, 2 fi. dr. (7.5 ¢.c.); oleum olive, 
1 fi. dr. (3.75 ¢.c.), m hot water, 2 pts. (1 liter), mixing it in a two-quart 
(4-liter) container, from which it is poured into a basin as needed. A 
piece of flannel (about one-half yard) is wrung out of this solution, 
fluffed, tested as to heat, and then snugly applied to the larynx and 
upper chest, and changed frequently (every few minutes) so as to have 
the warmth applied continuously. As an emergency measure it will 
often be found useful to rub the chest thoroughly with camphorated 
oil, followed by the application of hot flannels. If hot water is not 
available the flannel can be heated around a kerosene lamp or by any 
other available means. 

Locau TREATMENT.—In the treatment of diphtheria we have the tre- 
mendous advantage of possessing a specific which has a direct effect 
on the local process, so that local treatment is of no great importance. 
The antitoxin clears the exudate, while other measures are useful mainly 
in assisting in the separation and hastening the clearing away 
of particles of membrane, and for their general cleansing effect. All 
patients who can help themselves should be encouraged to keep the 
mouth clean. Only the blandest solution should be used for this pur- 
pose. The formulas prescribed for a mouth wash for scarlatina cases 
will be found useful. Those who resist this treatment, especially young 
children, had better be let alone on account of the danger of heart- 
failure from undue exertion. 

For internal medication, ammonium carbonate and syrup of ipecac 
are sometimes valuable in hastening the separation of the membrane 
in the laryngeal cases. But should these measures fail, operative in- 
terference—intubation or tracheotomy—must be resorted to. 

SURGICAL TREATMENT.—The indications for operative interference 
are well-marked dyspnea with recession of the soft parts of the chest, 
restlessness, a weak, rapid pulse, particularly if the symptoms have not 
yielded to serum and other treatment. 

The proper time for interference is a matter of judgment gained 
only by experience. Operation should not be done too early, since 
manipulation and the possible damage to the soft parts, together with 
the presence of the tube which acts as a foreign body, may increase 
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the dangers of an already serious condition, a risk which should be 
avoided whenever possible. On the other hand, if it is delayed too 
long, the patient may lose strength and be unable to recuperate in 
spite of the success of the operation. 

As to the choice of operation. The author believes that intubation is 
better suited for hospital practice where trained attendants are always at 
hand than for patients treated at home. However, in a private case in 
which operative interference is not urgently called for and intubation 
is done early in order to permit the doctor to leave his patient with a 
feeling of greater security, not much harm can result before aid arrives 
in case the tube is coughed up; in the more serious cases there would 
be a great risk, and therefore tracheotomy is the choice for private 
practice. 

Intubation.—For intubation the patient, in a recumbent position and 
with the hands down, is placed in a sheet which is securely fastened 
about him. With the neck and shoulders resting on a pillow or a 
rolled blanket the head is thrown back and is held by an assistant stand- 
ing at the head of the bed or table, who at the same time places the 
mouth-gag in position on the left side of the patient’s mouth. The 
operator then very gently passes the left index finger along the tongue 
to its base until he feels the epiglottis, which he turns back. The 
finger then enters the larynx and rests upon its posterior wall, care 
being taken not to interfere with the proper intake of air. The opera- 
tor then passes the tube back until its point comes in contact with the 
left index finger. With the finger as a guide, the end of the tube is 
then engaged in the larynx, the handle of the introducer is slightly 
raised and the tube allowed to drop in with very little pressure. The 
obturator is then disengaged and the tube firmly fixed in position. A 
string, or better still, a No. 4 banjo wire, is securely looped in the hole 
at the end of the tube, and allowed to remain in place, being attached 
to the outside of the patient’s cheek by means of adhesive plaster. The 
string or wire should be drawn fairly taut so as not to cause extuba- 
tion by the tongue, or the wire may be cut just inside the mouth, leav- 
ing the ends resting on the roof of the mouth. When the intubation 
has been completed the foot of the bed should be elevated to facilitate 
drainage and thus lessen the possibility of pneumonia. In order to 
prevent the removal of the tube by the patient himself, his arms should 
be restrained by the application of light splints. The tube should be 
taken out in four or five days, especially if the temperature and respira- 
tion are normal. 

Extubation—Extubation is simple, provided the tube has been an- 
chored according to the above method, much more simple than when the 
regular instrument or extubator is used. By drawing the string or 
wire taut with the fingers of the one hand and passing the index finger 
of the other hand along the string to the larynx, the tube can be lifted 
out in a few seconds with practically no disturbance to the patient; 
where the wire has been cut the end can be grasped with forceps and the 
tube gently lifted out. The child need not be taken out of bed; indeed, 
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very often the removal can be made during sleep without his knowledge. 

In removing the tube, the weather and the time of day should be 
taken into consideration. The early forenoon of a bright sunny day is 
the best time to choose, since respiratory difficulties are most apt to 
occur at night and in damp weather. Sometimes the patients do not 
do well after extubation and may require the use of steam as above 
indicated for the relief of dyspnea; but should actual dyspnea set in, 
re-intubation may be demanded, the tube being again removed in four 
or five days. 

Intubation, as already indicated, should be done only after other 
efforts have failed to give relief, for the reason that we wish to avoid 
unnecessary trauma to the soft parts. A tube in the larynx acts as a 
foreign body, causing increased secretion and retention, which in some 
instances leads to ulceration. If after the repeated removal of the tube 
the child is unable to do without it, he should be taken to a specialist 
after the quarantine has been removed. In the management of tube 
eases fresh air and a warm sunny room are of great importance. 

Trachcotomy.—The technic of tracheotomy for the relief of diph- 
theritic laryngeal stenosis is the same as for any other similar condi- 
tion. The patient is wrapped in a blanket or sheet (as for intubation) 
and the head kept back by placing a rolled blanket, 4 to 5 in. (10 to 
12.5 ¢.) in diameter, under the neck and shoulders; the site of operation 
is prepared with iodin. Ether anesthesia is used, except in emergency 
and in extreme cases, when no anesthetic will be required. 

The operator, steadying the trachea with his left hand, locates the 
upper two or three rings of the trachea and makes a fairly free incision 
4 to 5 em. (1% to 2 in.) long. He carefully divides the tissues in the 
median line (it is of the utmost importance that the incision be made 
in this line and that the knife does not deviate from it), and is fol- 
lowed up by his assistant, who keeps out of the field the thyroid gland 
and any vessels that may be present. As the trachea is reached the 
finger is placed in the wound and two or three rings are cut through 
with the knife. This is usually followed by violent coughing. The 
wound should be held open by dilators or by the handle of the knife, 
held at right angles to the incision until the coughing ceases and breath- 
Ing seems tranquil and easy. in the meantime a search can be made 
for particles of membrane, which are removed with forceps. The tube 
is now inserted and held in position by tape strings placed in the ends 
of the tube and fastened around the patient’s neck. A simple dressing 
of sterile gauze 1s placed around the tube and over the wound and 
is protected from the secretions of the latter by a flap of rubber tissue. 
Should there be much mucus or hemorrhage the table, or the foot of the 
bed, can be elevated to facilitate drainage by gravity away from the 
trachea and the lungs. 

It is sometimes necessary to operate quickly and to plunge right in 
without all these precautions. This presents no great diffieulty pro- 
vided the median line is kept. Any hemorrhage that results is venous 
and can be easily controlled. 
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The tube should not be disturbed as long as the breathing is not 
interfered with; but in case of any embarrassment to breathing, which 
may happen owing to the presence of mucus plugging up the tube, it 
will only be necessary to remove the inner tube and clean it out. The 
dressing can be changed once or twice every twenty-four hours. The 
use of steam inhalations will not be necessary if the room is warm enough. 
Lacking this, the steam from the croup-kettle, so placed as to allow 
the currents of air to carry the steam to the patient, will be sufficient 
to moisten the atmosphere and warm the room. 

The most dreaded effect of tracheotomy is the development of bron- 
chopneumonia; therefore, a return to normal temperature and respira- 
tion 1s a welcome sign, indicating that the danger is passed. But prog- 
nosis is not good if there is a profuse discharge of thick tenacious mucus. 

After sufficient time has elapsed to permit the separation of the 
membrane—from 2 to 4 days—the patient’s ability to do without the 
tube can be tested by plugging the opening. If no embarrassment. to 
breathing results, the tube may be removed and the wound covered 
with a plain dressing of gauze. It may sometimes be necessary to keep 
the tube in for several weeks or even months. Jn the case of nervous 
children who are apt to imagine that they cannot do without the tube, 
the test can be made by using a dummy tube, that is, one large enough 
to fill the wound but not Jong enough to reach into the trachea. Should 
the patient show signs of becoming a chronic tube-wearer a specialist 
should be consulted. 

TREATMENT OF COoMPLICATIONS.—Antitoxin, if given in sufficient 
amounts and early in the disease, will prevent complications. But 
should they oceur their treatment is the same as obtains when these con- 
ditions arise from other causes. 

Cardiac symptoms will require rest, as nearly absolute as possible, 
quiet, fresh air, the administration of tonics and attention to bowels 
and diet, as already mentioned. The value of stimulants is sometimes 
questioned, but we generally give strychnin in tonic doses. Cases that 
present such marked symptoms as syncope, vomiting or precordial pain, 
may require, in addition to the strychnin, alcohol, atropin or cam- 
phorated oil and hypodermics of morphia as a sedative. External heat 
and raising the foot of the bed may also be useful in allaving the alarm- 
ing symptoms. For the vomiting it is best to withdraw all food and 
medication by mouth, except champagne, which is stimulating and can 
often be retained when other things can not. Any medication should 
be given either hypodermically or by bowel. 

The paralyses of diphtheria, like heart-failure, can be absolutely 
avoided by sufficient and early serum therapy. They are generally 
transient and will require little treatment except rest, fresh air, and 
perhaps the pushing of strychnin internally. The author finds mss- 
sage and electric treatment to be of little avail, and in fact dangerous 
if applied too early. He believes it best to dispense altogether with 
such measures. 

Where the paralysis affects the muscles of deglutition the foot of 
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the bed should be elevated in order to prevent the saliva from collecting, 
since it may cause suffocation or aspiration pneumonia, the patient actu- 
ally drowning in his own secretions. The mouth should be kept free by 
gently soaking up the collection of saliva with gauze sponges. Feeding 
in these cases is best accomplished by means of the catheter through 
the nose. The bed supports should, of course, be removed during the 
process. 

Bronchopneumonia is treated by placing the patient in the open air 
and the use of supportive measures as indicated by the condition when 
due to other causes. 

Nephritis in diphtheria is generally not so serious as in scarlet 
fever and as a rule yields readily to simple treatment—careful diet, 
free intake of water, diuretics, in short, all the measures recommended 
for scarlatinal nephritis, except the hot pack. This is rarely re- 
quired, and indications for their use should be carefully considered on 
account of the risk of aggravating the heart condition by too active 
treatment. 

Otitis, otorrhea and their sequelx are not the problem in diphtheria 
that they are in scarlet fever, but treatment is the same as that outlined 
for the latter. The discharge from the ear may be due to mixed, or 
even to non-diphtheritic, infection, but the patient should not be con- 
sidered free from infection until after careful and exhaustive study 
of the discharge has been made as to its non-infectious character. 

Ademitis, likewise, is not a serious complication of diphtheria. It 
can be treated by ice-bags during the first 24 to 48 hours after its onset, 
and if these are not effective in reducing the swelling heat should be 
tried. Aggravated cases may require operation under the same pre- 
cautions as indicated for interference in cervical adenitis in scarlet 
fever. Sometimes, however, the deeper glands are involved without in- 
volvement of the skin. Indications for surgery would then rest upon 
the general symptoms such as septic temperature, rapid pulse and the 
persistence of the swelling. 

MANAGEMENT OF CONVALESCENCE.—Owing to the severe anemia and 
the depressing effects of the disease, the management of convalescence 
of the diphtheria patient 1s perhaps of greater importance than that for 
other conditions. The danger of late heart-failure and the possible 
development of late paralysis must always be borne in mind. The pa- 
tient should be kept in bed for at least two weeks after the throat has 
cleared, and longer if there are any signs of cardiac weakness. The 
heart action must be carefully watched. The slightest indication of 
trouble, especially a slow, full, irregular pulse, always demands com- 
plete quiet and rest in bed, in order to avoid the fatal syncope which 
always threatens in such cases. 

After the patient has been pronounced ready for discharge, he should, 
if possible, not resume the routine of active life for some weeks after 
recovery in order to avoid possible late complications from over- 
strain on the affected muscles, as, for example, ciliary paralysis or 
strabismus from reading too much, or other late paralyses. | 
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An annoying problem of diphtheria convalescence is the carrier in 
whom the organism persists in the recesses of the affected parts. This 
often delays the discharge of the patient when otherwise he is to all 
appearances cured. It is the author’s practice not to pronounce a 
patient ready to return home until two or three successive cultures 
have been returned negative, taking into consideration, of course, the 
duration of illness and the condition of the local parts. The question of 
discharging patients varies also according to the local laws of health. The 
favorite sites for the lodgment and retention of the organisms are the 
tonsillar crypts, the nasopharyngeal adenoid tissue and the nasal sinuses. 
Local antiseptic treatment is sometimes advised but has never proven 
uniformly effective. In some instances in the case of these persistent 
carriers, the organism will be found upon inoculation tests to be aviru- 
lent, and the patient may be allowed to go home. Change of air and an 
outdoor life may materially assist in ridding the body of the organism. 
But in the very stubborn cases the author finds the only really cura- 
tive measure to be the appropriate operation for enlarged or diseased 
tonsils, adenoids, diseased sinuses, enlarged turbinates and septum de- 
formities. Operation should, of course, be deferred until the patient has 
completely recovered or at least so far recovered as to render it safe. 

Attempts at curing the bacillus carrier by ‘‘over-riding,’’ that is, 
by the use of sprays of other organisms and by intramuscular injec- 
tions of milk, have been reported favorably from some sources, but their 
practical value has not been demonstrated. 

Prognosis.—The importance of early administration of antitoxin in 
the prognosis of diphtheria has been referred to several times directly 
and indirectly in the course of this discussion. While treatment on 
the first day insures not only a mild course of the disease, with less 
risk of paralysis, but also recovery in practically all cases, the prognosis 
grows gradually less favorable with each day that elapses before the 
first administration of the serum, and becomes dark indeed if treat- 
ment is delayed beyond the fourth day. 

Much of the prognosis of the disease, of course, depends upon the 
age of the patient and the previous condition as well as upon the ex- 
tent of the membrane, the rapidity with which it spreads and the par- 
ticular type of the disease. Children under two years of age are more 
apt to develop laryngeal diphtheria, which is the most serious type of 
the disorder. On the whole, therefore, diphtheria in a child before the 
third year of life is more dangerous than later in childhood. 

As to remote effects, although paralysis is sometimes persistent for 
a long time, permanent disability is rare, nor is the effect of the toxemia 
on the heart known to be of a permanent character. 

Pathology.—The effect of the diphtheritic organism which finds lodg- 
ment in a minute breach on a mucous membrane is seen in the local 
deposit of a fibrinous exudate, the characteristic clinical feature of the 
disease. But pathologically the essential lesion is the degenerative and 
exudative change in the sinuses beneath the affected mucous membranes 
in which the main effects of the toxin are seen. The changes involve 
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principally the epithelial cells of the mucous membrane concerned, the 
heart muscles, the lungs, the kidney, liver, spleen, the alimentary canal, 
the lymph-nodes, the ductless glands, the central and peripheral nervous 
systems, the bone-marrow and the blood. 

The pseudo-membrane is the result of degeneration, necrosis and 
desquamation of the epithelial cells followed by increasing exudation 
of fibrin and the gradual formation and increase in thickness of the 
membrane. Under the microscope the membrane is seen to consist of 
an interlaced network of fibrin in which are found degenerated epi- 
thelial cells and clumps of bacilh, the latter being best observed in the 
lower and newer layers. Sometimes there is also an admixture of pyo- 
genic cocci, such as streptococcus and pneumococcus. In addition to the 
local formation of the membrane the bacilli are active in elaborating 
toxins which are carried by way of the lymphatics and the blood stream 
from the original point of attack to other locations, from which they con- 
tinue to give off toxins. The disease, therefore, may also be general as 
well as local, although there is little doubt but that the ‘‘great poison 
factory’’ is at the original site of invasion. Destruction of the super- 
ficial layers of the epithelia] cells opens up avenues for the absorption of 
the toxins, and the more the local lesion is permitted to spread the 
more numerous will be the locations liberally supplied with lymphaties 
that will become affected, and the more pronounced the toxemia that 
results. 

Heart —The greatest interest in the pathology of diphtheria centers 
upon the changes in the heart muscle. Councilman, Mallory and Pearce 
in their study have found some degree of fatty degeneration of the mus- 
cular fibers in many of the cases. The degeneration is variable in ex- 
tent, sometimes affecting the general myocardium and sometimes only 
special foci. Fatty degeneration is seen along with more advanced 
forms of degeneration which result m the complete destruction of the 
muscle. The simple fatty degeneration occurs in severe, short cases, 
while the prolonged severe cases present more extensive degeneration. 
The phenomenon is due to the action of the toxin, which clinically mani- 
fests itself by the impaired heart function. 

Thrombosis may result from primary necrosis of the endocardium. 

Lungs.—The lungs are not only very frequently affected by the diph- 
theria toxin, but at the same time present the most serious lesions met 
with in the disease. In fact, it is often pulmonary involvement rather 
than the diphtheria itself which leads to death. The lesions 
are present in the form of bronechopneumonia, with a fibrinous, hemor- 
rhagic, serous or even entirely cellular exudate. Actual lobar pneu- 
monia is practically never found. Thrombi are occasionally noted in 
the larger vessels but not in the capillaries. The lymphatics are gen- 
erally seen to be dilated, containing coagulated albumin, fibrin or cells. 
They are often found packed with cells and large cells resembling 
those seen in the air spaces. 

Alimentary Canal.—The alimentary canal is rarely the site of patho- 
logical changes in diphtheria. In some few cases the stomach presents 
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a definite membrane, which is usually limited in extent, although it has 
been known to involve the entire gastric mucosa. Very few diphtheria 
bacilli were found in this membrane by Councilman, Mallory and Pearce, 
but they appeared abundantly in cultures. 

The intestinal mucosa shows few changes except more or less thick- 
ening, and some enlargement of the lymph-gland-nodules of the small 
intestines. 

Liver.—The liver presents no gross changes characteristic of the dis- 
ease; they are the same as those found in other acute infections. The 
liver is swollen, tense and more or less congested. Microscopically the 
most constant lesion seems to be the swelling of the cells with increased 
granulation, especially in the center of the lobules. Sometimes there is 
fatty degeneration consisting of actual necrosis. 

Kidneys.—The changes in the kidneys vary from epithelial degener- 
ation, acute interstitial changes, to a glomerular nephritis; hemorrhage 
and chronic interstitial lesions are rare. But there is no type of lesion 
that can be considered typical for diphtheria. 

The epithelial degeneration occurs in the larger number of cases and 
is nearly always the main or the only lesion. It is present in varying 
degrees and consists of fatty degeneration, hyaline degeneration affect- 
ing mainly the convoluted tubules, and the presence of casts. The most 
constant change is seen in the glomeruli, consisting of a small amount 
of granular coagulum between the tuft and the wall. 

While there seems to be a general agreement between the albuminuria 
and the degree of degeneration, there is apparently no such corre- 
spondence between the character of the degeneration and the general 
infection with various organisms, such as streptococeus, Staphylococcus 
aureus and pneumococcus, all of which have been found variously asso- 
elated with the diphtheria bacilli. 

The acute interstitial rena] changes are generally associated with 
the more prolonged cases. Interstitial nephritis is evidenced by infiltra- 
tion of the interstitial tissue with plasma cells; the infiltration, although 
it involves all parts of the kidneys, is more pronounced in certain foci 
than in others. The epithelial degeneration varies in different cases. 
The kidneys are enlarged only in the more pronounced ones. 

Pronounced glomerular nephritis is found in only a limited number 
of cases and generally in the older patients and the more prolonged cases. 
The first evidence of the change is seen in the increase im cells and pro- 
liferation of the endothelium lining the vessels, followed later on by 
hyaline cellular degeneration. 

Spleen.—The most marked features in the spleen are the presence 
of large phagocytic, epithelial-like cells in the lymph-nodules, and necro- 
sis of the lymphoid cells. The spleen is firm but not distended, smooth, 
and not markedly enlarged. The lymph-nodes are nearly always dis- 
tinct and sometimes even prominent. 

Nervous System.—The lesions in the nervous system are still the sub- 
ject of much discussion. Nearly all investigators, however, agree that 
the changes consist in degeneration due to a toxic parenchymatous and 
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interstitial neuritis, some claiming that the condition is purely periph- 
eral, while others show that it may be central, involving the spinal 
cord. In the peripheral nerves there is usually degeneration of the 
medullary sheath, which breaks up into globules; the axis cylinders 
become involved and may rupture crosswise, leading to degeneration 
of the nerve-fibers below them. The primitive sheath remains intact. 
Both the sensory and the motor nerves may be affected, but some of 
the fibers probably remain intact, and the resulting paralysis is then 
only partial. Baginsky and others have described changes in the an- 
terior cornua of the spinal cord, consisting of atrophy of the ganglion 
cells, hemorrhage in the gray matter of the spinal cord, degenerative 
changes in the various peripheral nerves as well as in the anterior and 
posterior spinal roots, and foci of exudates in the posterior roots. 

Involvement of the vessels may lead to emboli with secondary in- 
volvement of the nervous system. 

There is as yet no agreement as to whether the central or the peri- 
pheral nervous system is primarily affected in diphtheritic paralysis, 
nor has the nature of the changes been sufficiently elucidated to identify 
them positively as due to lymphogenous infection of the central nervous 
system. Some investigators attribute the condition to an ascending 
neuritis along the peripheral nerve centers, as in rabies and tetanus. 
Others believe it to be due to a Jymphogenous infection; while still 
others, notably Bolton and Bown, do not admit this mode of infection 
but regard any involvement of the nervous system as part of the gen- 
eral systemic infection carried by the blood stream. Walshe, in what 
appears to be the most recent study of the question, inclines to the 
theory of a two-fold mechanism. The early and most characteristic 
paralytic manifestation, he ascribes to an ascending infection of the 
central nervous system. The toxin elaborated in the membrane passes 
up to the medulla in the perineural lymph channel of the cranial nerves, 
innervating the tonsils and the fauces; but the initial and essential 
lesion is produced not by the passage of the toxin in the lymph channels, 
but by its action on the central nervous system, i.e., on the nuclei and 
nerves involved. The late paralysis is due to the generalized systemic 
toxemia. Clinically, it resembles a multiple neuritis—its delayed onset 
appearing simultaneously in all the spinal nerves—and is more lasting 
in its course than the earlier paralytic symptoms. Walshe thus accounts 
for the phenomena of faucial and of wound diphtheria, the latter being 
strikingly illustrated by one of the cases cited, in which a physician, 
while performing tracheotomy on a diphtheritic patient, had his right 
thumb infected. The paralysis first localized in the affected member and 
then became generalized in the spinal nerves, the cranial nerves never 
having been affected in the slightest degree. 

Muscular System.—The muscles also are subject to severe changes. 
The skeletal muscles show the same fatty degenerative phenomena as 
are found in the heart and the nervous system where these are involved, 
but they are perhaps not quite so marked. 
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Bone-marrow.—The changes in the bone-marrow are not distinctive 
of diphtheria since it shows the same hyperplasia as is found in other 
infectious conditions. In experimental diphtheria there seems to be some 
increase in giant cells and leukocytes to a limited extent, together with 
nuclear changes in the latter. The red blood-cells remain unaltered. 

Glands.—Of the ductless glands the thymus was the only one in 
which Councilman and his associates found any changes. It shows de- 
generation of the lymphoid cells, generally within the larger cells with 
vesicular nuclei, most marked in the vicinity of the Hassel bodies. 

Blood.—The presence of the toxin in the blood of diphtheria pa- 
tients is generally acknowledged, while the Schick test demonstrates 
the presence also of antitoxin in the blood of certain individuals. 

The blood-picture in the cases of diphtheria that do not receive 
antitoxin corresponds to the severe anemia that attends such cases clin- 
ically. In the untreated cases the red blood-cells show a reduction 
of as much as over two million, while of the treated cases only a few 
present a reduced red blood-count, which is also not nearly so marked. 
The hemoglobin decreases correspondingly but recovers more slowly 
than the red blood-cells. 

Leukocytosis may or may not be present. According to some au- 
thors the leukocytosis, when present, is promptly affected by antitoxin, 
but only if it is administered during the first twenty-four hours of the 
disease ; the lymphocytes, on the other hand, show an increase after the 
serum injections. Myelocytes are a bad prognostic sign, especially in 
the absence of leukocytosis. On the whole, however, the blood is not 
of much diagnostic value in diphtheria. 

Historical Summary.—Diphtheria appears to be one of the various 
infectious epidemic diseases that was known to very early writers, judg- 
ing from descriptions found in ancient writings of ulcerative processes 
in the throat and of a pseudo-membranous deposit on the trachea. 
Areteus, a contemporary of Galen, in the second century of this era 
depicted a disease which is highly suggestive of diphtheria. He spoke 
of a disorder, more common among children than among adults, in which 
a thick, moist substance formed over the tonsils and which may be 
superficial and benign, or extensive, malignant and putrid, causing a 
disagreeable, fetid odor from the mouth. He believed the disease to 
have been imported from Egypt and Syria and therefore termed it 
morbus cegypticus or morbus syriacus. He also mentioned the diffi- 
culty in swallowing fluids, which were sometimes regurgitated through 
the nose, the husky voice, and suffocation, that often led to a rapidly 
fatal end. 

During the fourth century Macrobius described an epidemic of a 
disease that prevailed in Rome and which to all appearances was diph- 
theritic in character. After that time little is found in literature con- 
cerning such a disorder until it is again mentioned as prevalent in epi- 
demic form during the fifteenth and the following centuries. These 
epidemies seem to be concerned mainly with the laryngeal type of the 
disease. Severe outbreaks of this type are reported from Spain and 
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from Italy during the 16th and the 17th centuries, the Spaniards calling 
it garrotillo, while to the Italians it became known as gul@ morbus. Dur- 
ing the eighteenth century the disease appeared in epidemic form in 
France (1736), as angina trachéale ; in England (1748) it was described 
by Fothergill as ‘‘the sore throat with ulcers’’; it was reported in 
Holland in 1745; in 1752 severe epidemics were reported in Switzerland 
and also in America. 

In 1735 Douglas described a peculiar form of sore throat which 
appeared in certain New England towns and gradually spread westward 
to the Hudson River about two years later. Douglas’ paper, entitled 
‘*An Eruptive Miliary Fever, with Anginosa Uleusculosia,’’ was trans- 
lated into French and later quoted by Bretonnean. An epidemic in New 
York, also in 1752, is described by Father Middleton. In 1771 Bard, 
a physician of New York, published a pamphlet entitled ‘‘An Enquiry 
into the Nature, Cause and Cure of the Angina Suffocative or Sore 
Throat Distemper,’’ in which he gives a clinical description of a disease 
which in its essential features suggests diphtheria. After this no ac- 
counts of the disease in this country seem to have appeared until the 
middle of the nineteenth century, when it prevailed in some parts of 
New York State, being especially malignant in Albany. According to 
Caldwell (cited by Léffler) Washington was seized with the malady at 
his home in Mount Vernon. 

In 1809 an epidemic of sore throat is reported from Philadelphia 
and again in 1831, but diphtheria as the cause of death does not appear 
in the health reports of that city until the year 1860. 

From a monograph on a severe epidemic of sore throat published 
by F. V. Fitzgerald in 1856, it appears that the disease had by that 
time reached San Francisco and other towns in California. 

But the most accurate description of diphtheria 1s that by Bretonneau 
(1826) in France, who based his study on epidemics that prevailed in 
that country from 1818 to 1826. He recognized the specific character 
of the malady, giving it the name le diphtérite (54 ihOépa, the skin 
or membrane). He also regarded the exudate as the only source of 
infection, and believed that the contagium spread not through the air 
but by a sort of inoculation from particles of the exudate coming 
in immediate contact with moist mucous membranes. Bretonneau also 
bears the distinction of being the first to note that the association of 
eroup and malignant angina was not accidental. Inasmuch as adults 
who were suffering from malignant angina were able to infect children 
who then presented typical croup, and that the deposits on the tonsils 
and the pharynx were the same in both the croup and the angina, he 
was convinced that the two were dependent on one and the same factor. 
This, together with observations of points of differentiation between 
the scarlatinal and the diphtheritic anginose membrane, led him to the 
further conclusion that although appearing in various forms, diphtheria 
was a distinct clinical entity. 

Bretonneau’s main deductions were subsequently confirmed by Trous- 
seau (1828), except that the latter regarded the specific affection of 
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the mucous membranes not as a purely local process, but as part of the 
course of a constitutional disorder. He therefore substituted the term 
diphthérne for diphthérite, a change which Bretonneau accepted because 
he found that the term diphthérite or diphtheritis was being used in a 
sense different from that intended by him. Trousseau’s theory gained a 
number of adherents, but in the light of our present knowledge, it is, 
of course, altogether untenable. His work is valuable for the descrip- 
tion he gives of the very malignant forms with their destructive processes 
in the pharyngeal region and the general toxic phenomena. 

The question of diphtheria as a distinct clinical entity continued to 
be a source of controversy for several decades. Though upheld by a 
number of investigators, it was opposed by so eminent a pathologist as 
Virchow, who claimed that in croup the membrane is deposited on 
healthy mucosa, while in diphtheria the exudate develops not only on 
the surface of the mucosa, but extends into its substance, and that it 
is this membrane which undergoes interstitial necrosis from lack of 
nourishment owing to compression of the blood-vessels. 

It is interesting to note that the transmissibility of the disease as 
suggested by Bretonneau received ample confirmation by a number of 
observations. One of these concerns Herpin, a physician of Tours, 
France (1843). While he was cauterizing the throat of a diphtheria 
patient the child coughed up a particle of membrane which settled on 
the doctor’s nose and which he was unable to remove at once. IIe de- 
veloped a severe nasal diphtheria, accompanied later by severe paralysis, 
from which he finally died. An instance of wound diphtheria is reported 
by Paterson (1866). A farmer who had inserted his finger, on which 
there was an open wound, into the throat of his child who was suffering 
from diphtheria, in order to remove an obstruction which had caused a fit 
of coughing, developed a membranous deposit on the open wound which 
extended over the entire finger. General symptoms followed. The finger 
healed in a few weeks, but several weeks afterwards the man developed 
severe paralysis of the lower, and later of the upper, extremities which 
persisted for four months. At no time were there any throat symp- 
toms. 

In spite of these involuntary inoculations in man, the experimental 
production of diphtheria had up to this time met with only negative 
results, although Bretonneau had succeeded in producing a typical false 
membrane in the trachea of dogs by injecting a mixture of cantharides 
and olive oil. On the supposition that croup was caused by the in- 
spiration of acrid, irritating substances other investigators had previ- 
ously introduced acids, aleohol and other caustic substances into the 
air passages of animals with the idea of producing a membrane. Dela- 
ford tried chlorin, corrosive sublimate, arsenic, sulphuric acid and am- 
monia. He found the latter the most suitable for these experiments, 
and this substance was later employed by others, notably Oertel (1871), 
in their experiments. But Bretonneau recognized that the resemblance 
of the artificially produced membrane to the idiopathic one was more 
apparent than real, since they differed so entirely in their clinical be- 
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havior. This observation was subsequently confirmed by Lichtheim in 
1883. 

The introduction of bacteriology into the arena of medical research 
was destined to solve the question that had been so diligently pursued 
since Bretonneau’s classic work first appeared. 

Before the true causative agent of diphtheria was finally discov- 
ered, attempts had been made to establish a relationship between certain 
fungi and the diphtheritic membrane. In fact, as late as 1881 Talamon 
described in detail a fungus which he had constantly obtained from 
eultures, and inoculations of which produced thick, false membrane in 
animals, especially in the pigeon. But the fallacy of this theory was 
demonstrated by Duclaux. 

In 1868 Huerter, and also Oertel, found small, round, rod-shaped and 
corkscrew-like, motile bodies in the blood as well as in the membrane 
and lesions of diphtheria patients, to which they ascribed a certain etio- 
logical relationship to the disease. Similar bodies were also subse- 
quently observed by von Recklingshausen, Waldeyer, Nassiloff, Klebs, 
Eberth, Heiberg and others. 

Although these investigators probably had observed the specific or- 
ganism, they failed to differentiate it from the other bacilli present, a 
distinction which belongs to Klebs of Ziirich (1873). There is a general 
impression that Klebs’ discovery was not made until 1883, but at a 
Congress held at Wiesbaden ten years before that date he had not only 
announced his discovery of the diphtheria bacillus, but had also suc- 
ceeded in obtaining it in cultures. The requirements of Koch for the 
specificity of a microdrganism, i.e., that it must be found constantly 
arranged in a characteristic manner in the parts involved, that it must 
be isolated and obtained in pure culture, and that by inoculation into 
animals the disease must be reproduced in the latter, had not yet been 
fulfilled. Investigations of the subject were studiously carried on fol- 
lowing Klebs’ announcement. In 1883 Klebs, at the Congress at Wies- 
baden, gave an account of his most recent researches and described 
in great detail the organism he had isolated as the diphtheria bacillus. 
In the same year Huebner endeavored to satisfy Koch’s third postulate 
by experimental work. He attempted to produce an artificial diph- 
theritic exudate in the bladder of the rabbit by mechanical means, 
and to induce a general disease in other animals by the inoculation of 
the membrane. Although the animals died from an acute infection with 
extensive lesions of the bladder, and the infection was transmissible to 
other animals by inoculation of particles of the mucous membrane of 
the bladder, the organisms—micrococci arranged in short rods or chains 
—were found only in the vessels. Huebner, not being able subsequently 
to demonstrate these same organisms in the vessels of the affected mucous 
membrane of human subjects dying of diphtheria, concluded that these 
bacteria in the membranes were saprophytic and that the organism of 
diphtheria had not yet been found. 

Loffler in 1884, however, satisfied all of Koch’s postulates and, con- 
firming Klebs’ original discovery of the specifie organism, he suc- 
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ceeded in producing the disease in the pigeon and in the calf. With 
the discovery of the Klebs-Loffler bacillus as the causative agent of 
diphtheria and the new trend of bacteriology toward the study of in- 
fection and immunity, investigations were directed to the study of the 
specific toxin and of the disease and immunization against it. 

Roux and Yersin (1889-1890) directed attention to the capacity of 
the diphtheria bacillus to produce a soluble poison and to the fact that 
this nower could be increased or diminished by cultivation on suitable 
media. Von Behring and Ehrlich later successfully pointed out the pos- 
sible estimate of the strength of the diphtheria toxin, and their work was 
then followed by the studies of numerous investigators with regard to 
the behavior of the toxin in solutions and its method of action upon 
the constitution. 

Local treatment of diphtheria by means of antiseptics with a view 
to preventing the formation of the membrane was at this time receiving 
great attention, but the conclusion was soon reached that these were 
of little value. Von Behring, in the course of his therapeutic studies, was 
led to believe that the main object of treatment must be directed toward 
neutralizing the poison of the diphtheria organism. In 1890 Fraenkel 
and von Behring began work on artificial immunization against diph- 
theria. Fraenkel worked in the direction of obtaining immunization by 
means of injections of large amounts of broth cultures of the diphtheria 
bacillus heated to 65° C., while von Behring followed the lines indicated 
by experiments with chemical substances. He inoculated guinea pigs 
with diphtheria cultures which he immediately followed with therapeutic 
efforts at minimizing the induced disease by injections of iodin trichlorid 
solutions, repeated for three days after the original inoculation. The ani- 
mals thus treated survived while the controls died. The surviving ani- 
mals also exhibited a greater resistance to infection than normal ani- 
mals, two of them withstanding injections of virulent diphtheritic bacilli 
which killed controls in 36 hours. Von Behring described this resistance 
as similar to “‘the acquisition of immunity in man after convalescence 
from many infective diseases. ’’ 

Thus the foundation for immunization against diphtheria was laid. 

Subsequent investigations by von Behring and others have brought 
the method to its present perfection. The benefit to mankind of this 
discovery can hardly be estimated. It remains only for the general prac- 
titioner to make use of the method on every occasion at the first indi- 
eation of throat trouble in order to bring about the day when diphtheria, 
instead of being one of the ordinary, will be one of the extraordinary 
diseases of childhood, and of mankind in general. 
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Definition.—Erysipelas is also called, locally, ‘‘the Rose’’ and ‘‘St. 
Anthony’s Fire.’’ It is a contagious disease, characterized by a peculiar 
inflammation of the skin or, more rarelv, of the mucous membranes, with 
constitutional symptoms. It is due to a specific microorganism, the 
Streptococcus erysipelatis. The infective organism remains local, the 
general symptoms being due to absorption of toxins and not to sep- 
ticemia. 

Etiology.—Erysipelas is endemic in most communities. It is seldom 
seen 1n the epidemic form at the present time, and probably epidemics 
only occur from overcrowding, neglect of proper ventilation and aseptic 
precautions in hospitals. 

Sporadic cases may occur at any time or place with no evident con- 
nection with one another. Probably many healthy persons act as car- 
riers, the streptococci only being virulent under special circumstances 
of individual susceptibility and the presence of an entrance wound. Cer- 
tainly, persons suffering from repeated recurrent attacks must perpetu- 
ally carry the organism in their body. 

PREDISPOSING CAUSES.—The predisposing causes are overcrowding 
and poor sanitation, also debility from chronic aleoholism or chronic 
wasting disease. Individual susceptibility apparently plays an important 
part. Wounds, slight traumatism or recent confinement also obviously 
predispose to the disease. Little importance can be placed upon age, in- 
fancy and old age being equally susceptible. The most frequent oceur- 
rence is between the ages of 35 and 55. 

A variation in frequency according to season has been noted by some 
observers, there being an increased number of cases in the spring and fall 
months. Probably this is to be explained not by changes in the tem- 
perature or atmospheric conditions at these seasons, so much as by the 
habits of the population as to overcrowding and lack of open-air exercise. 
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Exciting CausE.—The exciting cause is a streptococcus first described 
by Fehleisen as Streptococcus erysipelatis. It is apparently a special 
strain of the Streptococcus pyogenes and indistinguishable from it mor- 
phologically or by cultural peculiarities. It is readily found in the 
lymph-spaces at the spreading margin of the lesion and easily cultivated 
on ordinary culture media. It is easy to demonstrate the disease by 
inoculation of cultures into the ear of a rabbit, and it has often been pro- 
duced in man by inoculation, this experiment being carried out for the 
cure of chronic skin diseases, such as rodent ulcer or sarcoma. 

In ordinary cases the streptococci remain localized in the skin lesion, 
but in exceptional cases they may be cultivated from the blood or found 
in the various organs of the body. The organism is probably conveyed 
from one patient to another, by contact infection, especially by means 
of the hands of attendants. It gains access to the body through some 
wound or abrasion, which may be so slight as to escape notice, or may 
heal during the incubation period of the erysipelas. The fact that the 
disease on the face usually starts at the margin of skin and mucous mem- 
branes, where excoriations are frequent, supports this view. 

Symptomatology.—CuinicaL History.—Period of Incubation.—The 
incubation period is short, 2 to 8 days, most commonly 3, and is char- 
acterized by no symptoms. When the disease is experimentally pro- 
duced in man, as has been done for the treatment of incurable tumors, 
the incubation period is 15 to 61 hours. 

Mode of Onset.—The onset is abrupt with a sharp rise of tempera- 
ture. There is usually a chill, often as severe as in the onset of pneu- 
monia, Occasionally, in children, the onset is with a convulsion. Vomit- 
ing frequently occurs, but not always. The local lesion is usually to 
be noted simultaneously with or very shortly before the general symp- 
toms. 

Course.—The symptoms of the disease fall naturally into two groups: 
(1) those due to the local lesion, and (2) the constitutional symptoms. 

(1) Local Symptoms.—The local lesion in 90 per cent. of the cases is 
situated on the face, beginning usually at the nostril or bridge of the 
nose, occasionally on the lip or external auditory meatus. The next most 
common site is in the leg, in about 8 per cent. of the cases, usually starting 
from some abrasion or sore, but the disease may also start in any wound 
or abrasion of any part of the body. A sharply defined patch of red- 
ness appears on the skin. This is raised, hot, swollen and shiny, and 
accompanied by a feeling of burning or tension. It gradually spreads 
by direct continuity to surrounding areas. The margin of the patch 
is most characteristic. It is raised, palpable, usually irregular in out- 
line. It progresses steadily, and its gradual advance may be noted from 
hour to hour. The surface of the area involved is usually smooth and 
shiny, oceasionally marked by small vesicles or blebs containing clear 
fluid. As the margin advances, the original area becomes gradually Jess 
swollen and the redness fades. The inflammation lasts in a particular 
spot for three or four days so that the disease may still be spreading 
in other parts when the original focus has become normal. When the 
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disease spreads over loose tissues, there is great edema of the parts. The 
eyelids, in particular, become so swollen that the eyes are closed; the 
ears may become greatly thickened, and at times the natural wrinkles 
of the face may become obliterated. As the inflammation subsides, the 
skin is left somewhat discolored and usually desquamates either in 
branny scales, or more rarely in sheets. The vesicles or blebs soon break 
and dry up, leaving adherent crusts. They occasionally become purulent 
and may leave shallow ulcers, sometimes causing a superficial gangrene. 
The nearest lymphatic glands are almost invariably enlarged and tender. 

The inflammation may attack the various mucous membranes either 
primarily or by extension from the skin, causing the same redness and 
swelling of the surface, but the appearance is not so characteristic. 
The nose is frequently entirely occluded, resembling an attack of acute 
coryza; the tongue may be extremely swollen, filling up the mouth; 
and the throat also may ke attacked, causing edema and swelling of 
the soft palate and uvula. In exceptional cases, the disease may extend 
to the larynx, when one is apt to have rapid and fatal edema of the 
glottis. When the scalp is attacked, redness is not seen, but the area 
involved may be outlined by the marked swelling and edema. There 
is usually greatly increased pain and headache in these cases. 

(2) Constitutional Symptoms.—Fever is the most noticeable and char- 
acteristic symptom. It is usually fairly high and continuous the first 
three or four days, becoming then more intermittent. It most often ter- 
minates abruptly by crisis, but this is rarely as abrupt and defined as in 
pneumonia, and frequently takes the form of a rapid lysis, for a period of 
two or three days. Occasionally, the fever is intermittent or septic from 
the first or, in some cases, the fever is low and may even be entirely 
absent. Delirium is common and there is often severe headache and 
anorexia; but, as a rule, the subjective symptoms of the fever are less 
marked than one would anticipate from the height of the tempera- 
ture. Cases of so-called ‘‘ wandering erysipelas’’ give an irregular fever 
lasting several weeks, an increase of fever usually being associated with — 
a fresh local outbreak. The pulse is rapid, respiration slightly increased, 
the skin usually hot and dry, although in many cases sweating is coin- 
cident with the remissions of temperature. The urine is diminished and 
febrile in character, and a febrile albuminuria is almost constant. The 
spleen may be enlarged in severe cases. There is often present a func- 
tional cardiac murmur. Leukocytosis is practically constant and may 
reach a high degree. 

Diagnosis.—There is no difficulty in diagnosing the ordinary case 
of facial erysipelas. The characteristic appearance of the local eruption, 
especially of the sharply-defined, raised, advancing margin, the presence 
of vesicles on the surface and the inflammation of the neighboring lymph- 
glands, are usually quite distinctive. The combination of this lesion 
with the sudden onset of constitutional symptoms and high fever forms 
a picture unlike any other disease with which we have to deal. 

Cases of erysipelas without fever frequently occur, especially in re- 
current attacks and in persons suffering from some other debilitating 


180 ERYSIPELAS 


disease. The character of the local lesion, however, remains unchanged 
and should readily establish the diagnosis. 

Erysipelas of the mucous membranes of the nose or throat presents 
exceptional difficulties; an acute spreading inflammation associated with 
severe constitutional symptoms might arouse suspicion, but the diag- 
nosis is rarely established until the characteristic involvement of the 
skin occurs. . 

DIFFERENTIAL D1aGNnosis.—A diffuse cellulitis causes the most fre- 
quent difficulty, or the inflammatory edema extending from a carbuncle, 
a local anthrax or a furuncle in the nose. In all these cases there is more 
brawny induration, absence of the characteristic, ridge-like margin and 
of the definite constitutional symptoms. Again, erysipelas tends to heal 
in the center and spread peripherally, which eventually clears up the 
diagnosis. 

Herpes of the face, especially herpes frontalis, may cause confusion 
for a time, but the sharp limitation to an area supplied by a branch of 
the trigeminal nerve and the differences in the character of the lesion 
soon clear up the question. 

Acute eczema and dermatitis, e.g., that caused by primula poisoning, 
has occasionally caused mistakes, but the absence of constitutional symp- 
toms and the fact that these diseases spread by the coalescence of small 
pinpoint lesions and never present a distinct raised margin, should obvi- 
ate the difficulty. 

Complications and Sequele.—Abscess formation is by far the most 
common and important of the complications, occurring in nearly 10 per 
cent. of all cases. The abscesses are sometimes superficial, arising from 
suppuration of the vesicles or blebs which are so common in the disease, 
and sometimes are more deep-seated, as in the subcutaneous tissues. 
Certain types of the disease and certain outbreaks or epidemics appear 
particularly liable to be associated with abscess formation. 

Sometimes the inflammation leads to superficial gangrene or slough- 
ing, especially over the ears, the tip of the nose, the ends of the toes and 
fingers. If the erysipelatous inflammation extends over the sacral re- 
gion, it is almost certain to cause a bedsore. 

Although the streptococci usually remain local in the lymphatics of 
the skin, they occasionally give rise to a septicemia or pyemia, and, 
as a result, abscesses in various organs, pericarditis, empyema and some 
of the most malignant cases of ulcerative endocarditis occur. 

Again, the inflammation may spread locally, causing suppurative 
adenitis, suppurative arthritis, otitis media, mastoiditis and purulent 
meningitis. Periostitis, especially of the skull, has been noted in a number 
of instances. 

The extension inward to the mouth and throat occasionally gives 
rise to edema of the larynx, bronchitis and pneumonia. Pneumonia may 
also arise from pyemia or from hypostatic congestion as in any severe 
fever—it is often streptococcal in origin, but sometimes due to other 


organisms. 
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Albuminuria is almost constant during the febrile stage and occa- 
sionally a true, acute nephritis occurs. 

Relapse is not uncommon, especially slight flare-ups of fever with 
local extension of the disease, after it has been apparently arrested, 
and there is often noted a tendency to recurrence of the disease after a 
few weeks or months of immunity. These recurrences are apparently 
due to persistence of the streptococci in the tissues; they always occur 
in the same site, and are especially common if some pathological lesion, 
such as a chronic sinus, persists. 

Repeated attacks may leave a thickened, unsightly condition of the 
skin, a sort of chronic edema, closely resembling elephantiasis. 

Involvement of scalp usually leads to alopecia, but the hair grows in 
again after a short time, unless the attacks are repeated. 

Chronic skin diseases, such as lupus, eczema, rodent ulcer and sar- 
coma, are often benefited and even cured by an attack of erysipelas, and 
some have gone so far as to inoculate the disease for the cure of such 
conditions, but this is not considered justifiable. 

Association with Other Diseases.—Erysipelas in the past was al- 
ways associated with wounds and operations, becoming epidemic in hos- 
pitals, and it was regarded as one of the dangerous complications which 
might follow any operation. Since the days of antisepsis, this associa- 
tion has become rarer until such a complication is practically unknown, 
though surgeons have a wholesome fear of the disease because of its past 
reputation. 

It is still seen, however, complicating infected wounds and particu- 
larly arising from such lesions as ulcerating cancer, chronic sinuses or 
even ulcerating hemorrhoids. 

Similarly, aseptic methods have banished it from modern maternity 
hospitals, but careless midwifery occasionally still leads to the almost 
uniformly fatal form affecting parturient women, and the equally fatal 
infection of the umbilicus in new-born infants. 

Cachectic states seem to predispose to the disease, and it is not un- 
commonly seen in the very aged, and in persons suffering from chronic 
alcoholism. Needless to say, it 1s such cases which increase the mor- 
tality rates in hospitals. In such cases it usually arises idiopathically, 
ie., there is no history of exposure to other cases of erysipelas. 

Clinical Varieties.—Erysipelas is an unusually variable disease, and 
a number of distinct types are described, though all are due to the same 
infective agent. | 

MiocratTory ErysIPELAS.—Migratory erysipelas begins like an ordi- 
nary attack, but instead of terminating in the usual time, lasts for sev- 
eral weeks, the eruption gradually spreading to all parts of the body, 
and even recurring in some localities. This form is commoner in young 
children, and usually ends favorably in spite of the weakness and prostra- 
tion from the long-continued fever. 

SuRGICAL ERYSIPELAS.—This form of erysipelas, originating from a 
wound, is fortunately rarer in these days of asepsis; it is still -occasion- 
ally seen in the case of operations on infected areas, e.g., after mastoid 
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operations or operations on chronic osteomyelitis. It is worth remem- 
bering that the first appearance of the erysipelatous rash may arise sev- 
eral centimeters distant from the wound or point of entrance. 

RECURRENT ERYSIPELAS.—Recurrent erysipelas is not uncommon, 
especially in cases where there is a chronic discharging sinus or infective 
lesion in the air cavities of the skull. The recurrences take place, as a 
rule, every few months and always affect the same area. The consti- 
tutional symptoms become less with each attack until they may be absent 
altogether. 

ERYSIPELAS OF THE NAVEL.—This condition occurs in new-born in- 
fants where proper aseptic precautions have not been taken with the 
cord and is almost uniformly fatal. 

AFEBRILE ERYSIPELAS.—This form is frequently seen in aged or de- 
bilitated persons, or in those suffering from some chronic disease, such as 
diabetes or nephritis. The prognosis is very grave except in the afebrile 
cases due to recurrent attacks. 

CELLULOCUTANEOUS ERYSIPELAS.—This title 1s given to a type of the 
disease tending to involve the deeper tissues and cause abscess formation. 
This type is apparently due to a special strain of organism and is char- 
acteristic of certain epidemics. 

Treatment.—PRropiyLAxis.—Erysipelas is a contagious disease, con- 
veyed by contact infection. It may be carried by the hands of a third 
person, as, for example, a nurse or doctor. The patient, therefore, should 
be isolated during the attack and the ordinary precautions of disinfec- 
tion taken, especially the frequent sterilization of the hands of the at- 
tendants. With the most ordinary precautions there is little danger of 
infection, even if a patient is treated in an ordinary general hospital. 

In the past, fatal epidemics in crowded and unsanitary hospitals, 
where aseptic precautions were not carried out, have given an unduly 
bad reputation to the disease. However, cases of erysipelas should never 
be treated in the vicinity of surgical or maternity cases or by those in 
attendance on such cases. 

The infection does not appear to be a persistent one, in connection 
with rooms or clothing. Thorough cleansing gives sufficient disinfection. 
In the case of the patient, the organism may persist a long time, espe- 
cially if any chronic lesion, such as a persistent sinus or nasal discharge, 
is left. The period of isolation is usually determined by the healing of 
the local lesion. 

GENERAL MANAGEMENT.—The general management is that of any 
acute febrile disease necessitating absolute rest in bed, abundance of 
fresh air, a light but nutritious diet with an increased amount of fluid. 
The bowels require attention by enemas or repeated mild purgatives, 
and the skin should be kept active by regular sponge baths. 

The fever is apt to be high, but as the course of the disease is short 
and toxemia not usually marked, it rarely requires special attention. 
If there is much toxemia and delirium with high fever, hydrotherapy 
gives the quickest and most efficient relief. This is best administered in 
the form of the cold pack, cold sponging or an alcohol rub, though a 
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regular cold bath may be used in severe cases. If there is continued 
delirium, and want of sleep, it is better to use an occasional dose of 
morphin. If no cardiac weakness is present, a dose of veronal and 
phenacetin, each 5 grains (0.324 gram), will often secure a night’s rest. 

In cases of severe prostration or threatened cardiac failure, stimu- 
lants may be employed, but, unfortunately, are as ineffectual as in other 
acute febrile diseases. Alcohol should always be given to those who are 
accustomed to its regular use; strychnin, caffein and digitalis have also 
been advised to tide over the patient until the crisis occurs. 

LocaL TREATMENT.—Local applications have been advised in great 
profusion. Except for the relief of local distress, the feeling of tension, 
burning or itching, it is doubtful if they have any effect on the outcome 
of the disease. Probably cold compresses of either ice-water or evapo- 
rating lead lotion give the most relief. Tucker advises the use of a 
saturated solution of magnesium sulphate. Some patients get more re- 
lief from the use of a soothing ointment, such as carbolated vaselin, 
zinc ointment or an ointment containing bismuth salicylate or calamin. 
All these are best applied by means of a mask, or dressings of lint. For 
many years ichthyol in 20 per cent. to 50 per cent. solution or ointment 
had a great vogue, but it does not appear to give more relief than other 
applications of more agreeable odor and appearance. The application 
over the lesion of strong antiseptic solutions such as iodin, carbolic acid 
or corrosive sublimate cannot be too strongly condemned, as increasing 
the distress and risk of the patient without shortening the course of the 
disease. 

Erysipelas is a local infection, spreading peripherally through the 
lymphatics of the skin, and it is quite possible to arrest its progress in 
selected cases and bring about an early abortion of the disease by estab- 
lishing a barrier in advance of the lesion. The method should only be 
used when the medical attendant is prepared to give personal supervision 
to the case and see that an effective barrier of aseptic inflammation 
or compression is produced, entirely surrounding the lesion. This is 
best done by painting on a band of liniment of iodin one-half to an 
inch wide, about an inch in advance of the lesion and entirely surround- 
ing it. This should be repeated in 12 hours and any sign of breaking 
through controlled by a fresh barrier farther out. <A strong solution of 
silver nitrate has been used for the same effect. Others have advised the 
use of a strip of nonflexible collodion applied in the same way and 
painted on repeatedly so as to produce a trough-like depression with com- 
pression of the lymphatics. The method is innocuous, and well worth 
trying where the lesion is small and can be entirely surrounded. 

SrEcIFIC THERAPY.—Hamilton Bell, in 1851, advised the use of tr. 
ferri perchloridi in large doses, 1 to 2 drams (3.75 to 7.50 ¢.c.) a day, for 
the treatment of erysipelas, and for sixty years the use was continued. 
No explanation was ever given of its supposed action and the best authori- 
ties unanimously condemn it as irrational and apt to irritate the diges- 
tive system of the patient. Quinin in doses of 20 to 30 grains (1.3 to 
2.0 grams) per day has also been widely used with as little justification 
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or beneficial effect. Collargol injections have also been advised as in 
septicemia, but there is little evidence in favor of the treatment. 

The use of streptococcus vaccines in large and repeated doses, 100 
to 500 million, repeated every day or second day, also has its advocates. 
It may be of value in protracted cases and probably has some effect 
in preventing recurrences in patients unusually susceptible to the disease. 

The administration of antistreptococcic serum seems to offer more 
hope and is strongly advised by some authorities. It should be given 
in large doses and frequently repeated. Some cases appear immediately 
arrested and others not affected at all by the treatment. Possibly a 
variation in the strain of the organism may have something to do with 
the effect. A polyvalent serum should be used. 

Prognosis.—Erysipelas in the sporadic form, as seen in ordinary prac- 
tice at the present time, is an almost benign disease. Although the high 
fever, delirium and repulsive disfigurement would incline one not ac- 
customed to the disease to a grave prognosis, the fact 1s worth remem- 
bering that, in the absence of other disease or complicating condition, 
the outlook is entirely favorable. The total mortality at first might 
incline one to doubt this optimism, as it varies from 5 to 10 per cent. in 
different series of cases. A closer investigation of the fatal cases, how- 
ever, shows that they are almost entirely comprised of certain types of 
the disease. Erysipelas of the new-born is almost uniformly fatal. 
Wound erysipelas, as seen in the epidemic form in former war hospitals, 
was an appallingly fatal disease, and accidental erysipelas infecting 
wounds is still a serious affection. The form occurring in cachexias, 
as in cancer, chronic nephritis, senility, etc., also swells the mortality 
lists. The cellulocutaneous form with abscess formation gives a higher 
percentage of deaths. On the other hand, recurrent attacks are progres- 
sively less serious, and finally cause little constitutional disturbance. 

Even the migratory form, where the fever lasts for weeks and the 
whole body is involved, usually resolves eventually without bad effects. 
It is surprising how much of the skin of the body may be inflamed, such 
an extent of surface as would be uniformly fatal in burns and scalds, 
and yet the patients do very well. 

Unfavorable symptoms are the tendency to abscess formation or gan- 
grene, and evidence of serious involvement of the heart or lungs. As a 
general rule, an afebrile course shows a lack of reaction on the part of 
the patient, and, with the exception of a few very mild or recurrent 
cases of erysipelas, most cases without fever end fatally. 

An attack of erysipelas usually leads to complete recovery, no resi- 
due or defect being left. Occasionally, however, especially in repeated 
attacks, there remains a chronic thickening of the skin or lymphatic 
edema, which may cause disfigurement or disability closely resembling 
elephantiasis; happily this condition is rare. Permanent effects may 
also be left in exceptional cases in the form of endocarditis or chronic 
nephritis. 

Pathology.—In the cadaver, the redness of the lesion disappears 
and there is left only a slight edema. Microscopically, the condition is 
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one of edematous dermatitis, with little fibrinous exudate and only mod- 
erate infiltration with leukocytes. There is infiltration of the cutis and 
subcutaneous tissues with serous fluid containing only a small amount 
of fibrin. The layers of the epidermis frequently become separated by 
serum-forming vesicles. Toward the margin of the lesion, the strepto- 
cocei are found in great numbers in the lymphatic spaces, in. the chan- 
nels at the base of the papille, and in the crevices of the derma. 

The internal organs in an ordinary case show only the changes asso- 
ciated with an ordinary sepsis, i.e., cloudy or hyaline degeneration. 

In cases with secondary infection, one may find evidences of pyemia, 
malignant endocarditis and septic infarcts in the organs. As noted 
elsewhere, suppurative inflammation of the various serous membranes 
may occur, meningitis, pericarditis, empyema or arthritis. 

Nephritis, if found, is usually of a degenerative type, or an exacerba- 
tion of a chronic nephritis. Occasionally acute septic nephritis may 
be seen. 

Historical Summary.—Erysipelas has been recognized for centuries, 
but was formerly confused with acute eczema and all diffuse phlegmonous 
inflammations. Its contagious nature was first recognized about 1850 
by English writers. Later Velpeau, in France, and Wernher (1862) 
and Volkmann (1869), in Germany, emphasized the same fact. 

The specific organism was first described by Fehleisen of Berlin in 
1883, and later experimental researches confirmed his findings. 

The recognition of the contagious character of the disease and its 
tendency to cause outbreaks in surgical and maternity wards has led 
to its exclusion from most general hospitals, while most contagious hos- 
pitals make no provision for its care. As the infection is not ordinarily 
virulent, and easily controlled by simple precautions in nursing, there 
seems no reason why it should not be treated in separate rooms of an 
ordinary hospital, as typhoid, tuberculosis, syphilis and similar diseases 
are treated. 
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Definition.— Variola, or small-pox, is a highly communicable, acute, 
specific infection characterized by a rather constant incubation period, 
sudden onset with high initial fever and marked constitutional disturb- 
ances lasting three to four days, followed by an eruption which begins 
as papules and passes into vesicles, pustules and crusts; and by a sec- 
ondary rise of temperature during the pustular stage of the eruption. 

Etiology.—PReEpIsposIna Causes.—Climate.—Before the introduc- 
tion of vaccination, small-pox was one of the most prevalent and destruc- 
tive scourges with which mankind was afflicted, destroying countless 
lives every year. There is no part of the world in which variola is not 
known, so that it cannot be said to be influenced by climatic conditions. 

Season.—Seasonal influences are apparent in the fact that it 1s more 
prevalent in cold weather and that epidemics that break out in the 
spring and summer months are apt to be less extensive than those that 
appear in winter. 

Age and Sex.—All human beings, irrespective of age or sex, are sus- 
ceptible to the disease. Infants do not exhibit the natural immunity 
that they generally show toward infectious diseases. They are known 
to have been infected 1 utero, but only when the mother herself has 
had the disease during pregnancy, and may at birth present the rash 
or scars of the rash. As a rule, however, the fetus is not affected and 
a child born in a small-pox hospital, if vaccinated at once, may escape 
the disease. 

Race.—As to race, there seems to be a general impression that colored 
people are more susceptible than are white people. This would appar- 
ently be substantiated by the fact that negroes are decidedly in the 
majority among the variola patients of a hospital for contagious dis- 
eases. But on second consideration it is more likely to be due to 
social and educational conditions, inasmuch as small-pox generally 
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arises among the poorer classes, where the evils of over-crowding are 
active, especially more so during the winter than during the summer 
when the windows are kept open and the people spend more of their 
time in the open air; and, secondly, there is the fact that vaccination 
is not so generally practiced among this class. 

Excitina CAUSE: THE ORGANISM.—Early studies sought to find the 
exciting cause of variola among the bacteria, but inasmuch as it was 
subsequently shown that the contents of the vesicle and the vaccinal 
lymph when deprived of their bacteria still retained their specific char- 
acteristics, this theory could not be upheld. Later investigations demon- 
strated the cause of variola to be an animal organism. Van der Loeff, 
and Pfeiffer, independently and almost simultaneously, in 1887, de- 
scribed the parasites, rhizopoda and sporozoa, which they found in the 
vaccinal lymph and. in the contents of the variolous pustules, and to which 
they assigned an important réle in the etiology of vaccinia and variola. 
But Guarnieri, in 1892, was the first to advanee a definite protozoan 
theory in relation to vaccinal variolous infection. He demonstrated 
that the two diseases owed their specific character to the endocellular 
action of minute protozoa which he designated respectively, Cytorrh yctes 
variole and Cytorrhyctes vaccine. Other investigators thereupon dem- 
onstrated that the parasite in certain stages assumed ultramicroscopical 
proportions, and further studies were then directed to establishing the 
morphology and structure of the organism. In 1904, Councilman and 
his associates demonstrated that these vaccine bodies were a phase of 
the development of a sporozoon. They definitely regard them as the 
eause of the disease, resting their assumption on the fact that thev are 
always associated with its lesions, that they develop as it develops and 
are found under no other conditions; and that after the lesions have 
reached their full development, i1.e., after local immunitv is established 
and the cells are no longer capable of affording a suitable place for 
development, the organisms are no longer found. They also believed 
that variola and vaccinia are due to the same organism, in vaccinia 
cytoplasmic forms alone being met with; but in the calf and in the 
rabbit the organism occurs with the same regularity, whether the ma- 
terial used is that from vaccinia or from small-pox. 

Prowazek and his followers (1907-1911) describe minute organisms 
as the etiological agents in variola and vaccinia, which they place among 
a group of protozoa termed by Prowazek as chlamydozoa, the life his- 
tory of which is as follows: (1) Numerous elements intracellular as 
well as extracellular, which are filterable and which are present at the 
beginning and end of infection; (2) intracellular initial bodies; (3) 
transition stages to Guarnieri bodies with central inclusions and periph- 
eral zone and accessory bodies; (4) various stages and forms of Guar- 
nieri bodies, some of which, with their inclusion bodies, are also found 
on the peripheral zones; (5) finally, degenerated Guarnieri bodies and 
initial intracellular bodies which again break up into innumerable ele- 
mentary bodies. 

More recently Hallenberger reports results which somewhat modify 
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the findings of these observers. He points out that the difference be- 
tween the extracellular and the intracellular bodies is developmental, 
the former increasing by simple division and the latter by budding. He 
terms the bodies he observed strongyloplasma, and places them between 
bacteria and protozoa, the Guarnieri bodies being reaction products of the 
cells. The fact that these are so numerous in the experimental lesion 
in the cornea of the rabbit and less frequent in the products of human 
pocks led him to abandon the term chlamydozoa and substitute the above- 
named for it. 

Modes of Conveyance.—Infection of variola is carried from man to 
man, generally occurring through contact with the contents of the ef- 
florescences, or the local lesions, in which the contagium resides. The 
virus of variola is peculiarly tenacious, so that contagion may also take 
place by fomites, especially through infected clothing and, according 
to some authorities, by aérial convection, and also through insects. 
Variola is contagious at all stages of development from the incubation 
through to the last stage, indeed, until the last evidence of crusts or 
‘‘eores’’ has been removed from the hands and feet. In fatal cases it per- 
sists after death, thus making the most careful handling of the body a 
matter of supreme importance. 

The seerctions and excretions of the body play a subordinate rdéle in 
the transmission of the disease. They are of importance only if infected 
through contact with the sores on mucous membranes or with the pus- 
tules. From tests made with the blood it seems that the blood of variola 
patients contains the activating agent only in the early stages of the dis- 
ease—before the eruption develops. 

Second attacks may occur, a few being recorded. But many of them 
are errors in diagnosis, for experience in hospitals—especially during 
epidemies—shows that all manner of diseases are liable to be sent in with 
a diagnosis of variola. 

Symptomatology.—CuinicaL History.—Period of Incubation—The 
incubation period of variola is generally considered to run from ten to 
thirteen days after a known exposure. It mav be as short as five days; 
or it may be prolonged to the fourteenth or fifteenth day. The period of 
ineubation is generally symptomless. 

Mode of Onset.—The transition to the actual invasion of the disease 
is apt to be sudden, the symptoms consisting of headache, severe back- 
ache, fever, chilliness, stupor and delirium, with evidence of marked 
toxemia. The initial symptoms, however, may be very slight, and are 
then apt to be followed by a mild form of the disease, but it cannot be 
said that severe initial symptoms necessarily indicate a subsequent severe 
course of the disease. ; 

The onset is generally so acute that the patient is at once prostrated 
and unable to be out of bed. The temperature, whether or not pre- 
ceded by a chill, mounts rapidly to 103.1°-104° F.. (39.5°-40° C.), and 
on the second or third day reaches a maximum of 104.9°-105.8° F’. (40.5°- 
41° C.) and even 107.6° F, (42° C.). This rapid rise in temperature is 
often seen also in varioloid, while in the more severe forms of variola 
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lower temperatures are sometimes noted. The pulse, ranging between 108 
and 120, is generally of good quality, except in the very severe cases, 
where it is apt to be thin and irregular. Respiration corresponds to the 
temperature. Dyspnea sometimes sets in, although neither the lungs 
nor the heart are affected. The skin usually is dry, the face is red, 
and the conjunctiva injected. The tongue is coated, dry, and sometimes 
serrated at the edges. There is generally a characteristic buccal fetor. 
Pharyngitis, rhinitis and slight bronchitis are often present. The pa- 
tient complains of nausea, and there may be vomiting, especially in 
children. The nausea in the fulminating cases is generally persistent 
and accompanied by singultus and epigastric pains. The headache 
is usually localized in the frontal region, but it may be dif- 
fused over the entire head. Insomnia is almost complete during the 
initial stage, while vertigo and tinnitus are not uncommon. In children 
convulsions are often noted. But the most obtrusive symptom is back- 
ache, which often is already manifest during the incubation period, per- 
sisting through the initial stages up to the breaking out of the eruption. 
The pain is usually located in the lumbar region and is peculiarly severe 
and ‘‘sickening’’ in character; in some cases it 1s associated with draw- 
ing pains in the legs together with a loss of power, and joint pains 
suggestive of articular rheumatism and septic disease. Often stiffness 
and pain in the nape of the neck together with the severe headache 
raise the suspicion of meningitis. The heart and the lungs are nearly 
always negative. But the liver may be tender to pressure, though not 
enlarged. Enlargement of the spleen is generally marked, even in the 
early stages of the disease. In fact, some authorities find that the splenic 
enlargement is most pronounced in the early stage of variola vera, while 
in varioloid palpable enlargement is wanting. The condition of the 
splenic area, therefore, might be of diagnostic value. The bowels are 
constipated. The urine is of high specific gravity and is reduced in 
quantity. Albuminuria (febrile type) may be present; pronounced al- 
buminuria represents an unfavorable sign, since it is generally associated 
with the type of the disease which develops into the hemorrhagic form. 
In the female menstrual-like bleeding begins at once, and although this 
phenomenon is often associated with other febrile conditions, it is par- 
ticularly characteristic of variola. 

Symptoms during Progress of Disease-—A prodromal rash appears 
on the first or second day after the onset of symptoms and disappears 
in a few hours. It may be scearlatiniform or morbilliform, either of which 
may be associated with petechix. The distribution may be general, but 
as a rule it involves only the lower abdominal areas, the inner aspects 
of the thighs, the lateral thoracic region, the axilla, and sometimes the 
knees and elbows. This feature occurs more often during some epidemics 
than others, but is generally considered to be present in from ten to 
sixteen per cent. of cases. Between the third and fifth day—usually in 
sixty hours—the actual variola eruption breaks out, the severe initial 
symptoms begin to abate, and the patient feels so much better that he is 
liable to think that he is at the end of his trouble. 
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The eruption appears first on the exposed surfaces of the body, i.e., 
those subject to the greatest irritation—the forehead, the back of the 
hands, front of the wrists—and within the next twenty-four hours 
on the face, neck, feet and trunk, in the order mentioned. It also 
attacks the mucous membranes of the pharynx, palate mouth and 
tongue, sometimes appearing in this location before the papules are seen 
on the skin. It may also early attack the larynx, trachea and large 
bronchi. <A lesion that develops on the mucous membranes appears first 
as a red macule which soon turns grayish and is surrounded by a red 
zone due to the formation of a vesicle which soon ruptures. When only 
a few lesions are present on the mucosa discrete erosions result, but 
when the lesions are more numerous, more or less deep and irregular 
ulceration may ensue, simulating diphtheria. 

The evolution of the typical eruption of variola is unique, its peculiar 
interest. resting on the regularity with which it passes from one stage 
to another at certain definite intervals, such as is not seen in anv 
other acute exanthem. 

The eruption appears about the third day of the disease as smal] 
red macules, which in a few hours develop into papules about the size 
of a small pea, generally hard and shotty to the touch. On the fourth 
or fifth day (second day of the eruption) the papules develop a conical 
point, the beginning of vesiculation: during the next three days the 
vesicle gradually fills, increases in size until it is circular, tense and 
umbilicated, owing to the development of a central depression. It 
reaches maturity on the eighth or ninth day (sixth or seventh of the 
eruption). The cellular contents now become turbid, owing to the 
commingling of pus bodies, the umbilication disappears and the lesion 
again becomes rounded or dome-shaped. Careful examination after 
pricking of the lesions at this time will show that they are multilocular, 
since they fail to collapse. On the ninth day (seventh of the eruption) 
the typical variola pustule is seen. A red areola develops around the 
base of the pustule, the confluence of which, when the eruption is profuse 
and thickly disseminated, leads to a typical edema of the face, especially 
around the eyelids, nostrils, lips and mouth. It is at this stage that 
the characteristic secondary rise of temperature sets in, and at which 
the suffering of the patient is most intense. 

In the favorable cases this fever lasts only a day or so, and on the 
tenth or eleventh day of the disease (eighth or ninth of the eruption) 
the pustules begin to dry up and the temperature falls, reaching the 
normal at the end of the second or the beginning of the third week. 
The desiccation process begins on the face and proceeds in the same 
order in which the eruption appeared. By the fourteenth or fifteenth 
day of the disease desquamation will be well advanced on the face. The 
eruption may be present in its different stages in various parts of the 
body, but the different stages are never seen side by side on the same 
part of the body. In other words, unlike the varicella eruption, that of 
variola does not appear in crops, though it may resemble varicella in 
that some of the lesions may abort at the vesicular stage. 
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During the desiccating stage the skin around the lesions, especially 
on the limbs, may become inflamed, and large, flat pemphigus-like 
bulla develop. These are filled with a thin yellowish fluid, and as 
they rupture leave an ulcerous surface on which crusts form. At this 
stage the temperature may again arise, attended by more or less marked 
constitutional symptoms. According to the severity of the eruption 
and the number of lesions this secondary fever may be slight 
and evanescent, or it may reach a maximum of 102°-103° F. (38.9°- 
39.5° C.) or more, the height of the fever apparently depending upon 
the tension in the lesions and the extreme discomfort and irritation 
they cause, and to some degree also, upon the septic absorption of 
their contents. The fever continues even after some of the pustules 
rupture, and persists into the early stages of desiccation. 

With the process of desiccation the subcutaneous edema subsides, 
the suffering is relieved, and although the patient is weak and exhausted, 
convalescence sets in. The process of encrustation is generally com- 
pleted in about sixteen days from the onset of the illness, when the crusts 
begin to fall off. The crusts show a tendency to persist longest on the 
hands and feet, where small ‘‘cores’’ may remain which often have 
to be removed with a knife or scissors. These cores are hard, dark 
brown, or black masses buried beneath the skin, and on puncture evacu- 
ate a slimy substance which is readily removed with a needle. During 
the crusting stage the most annoying symptom is intense itching, and 
often, unless prevented, the patient will scratch so forcibly as to induce 
secondary infection. The scratching, however, does not, as is generally 
supposed, influence the resulting scar. Whether or not the skin scars 
remain after desquamation is completed, depends upon the character 
of the suppurative process. If superficial, the pustule dries without 
leaving a mark, but if the papillary layer has been included in the sup- 
purative process, a scar will remain at its site, due to the replacement of 
the epithelium by vascular granulation tissue which is transformed into 
connective scar tissue, leaving the typical pock mark, which often per- 
sists during life. In some patients the hair falls out during the crust- 
ing stage and even later, but generally grows again, except, of course, 
where the hair follicles have been destroyed by the suppurative process. 

In uncomplicated cases of variola vera complete recovery takes 
place in from three to six weeks. In the complicated cases, of course, 
the time is indefinite. 

The blood-picture in variola during the incubation period shows 
marked leukocytosis with polymorphonuclears predominating; later on, 
in the papular stage, the leukocytes are not increased, and may even 
be subnormal in number. In the vesicular stage and continuing for 
several weeks thereafter, leukocytosis is again more or less marked with 
lymphocyte cells predominating; a very high leukocytosis indicates the 
presence of some complication. In severe cases myelocytes and normo- 
blasts are present and if found in large numbers are considered un- 
favorable signs. In vaccinia the blood-count, according to Schatzmann, 
is analogous to that of variola, the difference being one of degree only, 
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thus indicating the identity of the two diseases. Erlenmeyer, on the 
other hand, did not observe the predominance of lymphocytes in vac- 
einia. He believes the eruptive stage in vaccinia corresponds to the 
prodromal stages of variola, or that perhaps, owing to the peculiar 
mode of infection, the skin and the general reaction appear simultane- 
ously. 

Diagnosis.—The diagnosis of variola is neither easy nor certain 
before the typical eruption appears; at the same time it may be said 
that there is perhaps no disease in which early definite diagnosis is of 
such primary importance. The general symptom-complex—more or 
less sudden onset, headache, generalized pains, usually more marked in 
the lumbar region, nausea, vomiting, fever, with or without a previous 
chill, delirium, especially in children—is not peculiar to variola only ; 
the addition of a prodromal] rash, especially in the absence of a known 
exposure to variola, still more confuses the diagnosis. In the initial 
stage the symptoms may suggest influenza or lumbago, although the 
latter is rarely accompanied by headache, fever or general prostration ; 
so that it should be easily ruled out. Influenza is not so easily excluded, 
especially, as may well happen, if both it and variola are epidemic at 
the same time. Differentiation would then be almost impossible until 
the actual variola eruption had appeared. If this is not seen on the 
fourth day a diagnosis of influenza may be safely made. Furthermore, 
a slow pulse compared with the temperature is also significant of 
influenza. 

The onset of variola may also sometimes simulate pneumonia, and, 
in a certain percentage of cases, stiffness of the neck and delirium may 
suggest meningitis. For pneumonia the character of the expectoration 
is decisive, while for meningitis, Jambar puncture and the ophthalmo- 
scopic picture should make the situation clear. 

Differentiation between typhus, as well as typhoid fever, may some- 
times have to be made. Typhus often during the first three days pre- 
sents severe backache, and on the fourth day a roseola exanthem re- 
sembling the prodromal variola rash. The temperature chart in such 
eases should remove any doubt, for none of the acute exanthemata 
presents the characteristic fall of temperature as that seen at the be- 
ginning of a variolous eruption. The temperature chart is also a 
guide in diagnosing typhoid fever, the rise being gradual, while the 
onset of symptoms, unlike those of variola, is slow and insidious. 

The prodromal rash that appears in a small percentage of cases may 
be searlatiniform or morbilliform in character. It is comforting to know 
that the prodromal variolous rash does not appear in children under 
ten years of age (Ker). In addition, pronounced throat and tongue 
symptoms together with circumoral pallor are typical of scarlet fever, 
while in variola there are neither throat nor tongue symptoms, the 
face is more uniformly flushed, the rash is less diffuse and not so 
distinctly punctate. In hemorrhagic small-pox, however, the rash may 
sometimes be mistaken for those cases of severe scarlatina which present 
petechial spots and a very vivid rash. It is obvious that in such in- 
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stances careful isolation of the patient, until the appearance of signs 
pathognomonic of one or the other disease, is most essential. 

The morbilliform prodromal rash of variola can be distinguished 
from measles by the presence of Koplik’s spots, but (as Ricketts points 
out) not by their absence, for the spots may have disappeared by the 
time the rash becomes evident. On the other hand, the lesions of variola 
that develop on the mucous membrane of the mouth are apt to be pres- 
ent early, before the papules appear on the skin, and there might be 
danger of confusing these with Koplk’s spots. The former, however, 
are found chiefly on the palate and the fauces and only to a slight de- 
gree, if at all, on the sides of the mouth. It should also be remem- 
bered that an erythematous eruption is probably not due to measles 
unless it is associated with pronounced symptoms of coryza. Further- 
more, the onset of measles is not sudden, and is not apt to be acecom- 
panied by vomiting, headache, backache and chills. 

In doubtful cases the blood-picture may be of value in arriving at 
a diagnosis. Increased leukocytes with lymphocytes predominating and 
the absence of eosinophils characterizes the blood in variola, while in 
scarlatina, cosinophilia is marked, and in measles there are few lympho- 
eytes and no eosinophils during the exanthematous stage. The differenti- 
ation is important, inasmuch as in case of death, a certificate of death 
from measles or scarlet fever, when the actual cause was small-pox, 
would be apt to lead to serious consequences. 

In the papular stage also, variola is liable to be confused with 
measles, especially as the papules in the latter may be hard and shotty 
to the touch, like those of variola; while the variola lesions, especially 
in the modified form of the disease as we see it to-day, may be rather 
soft, particularly those of only a few hours’ growth. The distribution 
of the eruption in such cases is probably the most reliable guide. The 
eruption of measles covers the entire body, while in variola the flanks 
are generally spared, and a papular rash on the face will yenerally be 
accompanied by a simultaneous, definite, vesicular eruption on the palate. 

Differential diagnosis during the vesicular and suppurative periods 
in a typical case of variola vera presents little difficulty. But to-day, 
when the general type of variola is so mild or atypical or so much 
modified by the more or less general practice of vaccination, the dis- 
tinction between it and other exanthemata is sometimes exceedingly diffi- 
cult. This is especially true of varicella, which is probably the one 
disease that more than any other is confused with variola. In the 
greater number of cases the resemblance is only a superficial one, but 
frequently the differentiation must be made on more or less delicate 
indications, indeed, is often impossible even by the most expert diagnos- 
tician. 

The age of the patient is not significant, for varicella docs some- 
times occur among adults (p. 223), although variola, owing to early 
vaccination, is rare among children. The initial symptoms may be a 
guide, since in varicella the eruption, as a rule, is the first sign of 
the disease, which is not the case in variola, and generally appears at 
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the same time with the constitutional symptoms, particularly in chil- 
dren. But in the adult the prodromal stage is often long and severe 
and presents all the symptoms of variola. It is these cases that en- 
hance the difficulties of differential diagnosis. In varicella the erup- 
tion preferably attacks, first, the covered portions of the body, while 
in variola the eruption appears first on the face and exposed portions, 
the greater number of lesions appearing on the face, the forearms, and 
the wrists; on the legs and thighs, if the eruption is profuse, while 
the abdomen is usually least affected. This is considéred by Ricketts one 
of the most important distinctions between the two diseases. The pres- 
ence of numerous lesions on the palms and soles would, in his opinion, 
argue against chicken-pox and in favor of small-pox. 

As to the character of the eruption itself: first of all, the variola 
eruption does not come out in crops, as does that of varicella; secondly, 
the development of the varicella eruption often is so rapid and so symp- 
tomless that it seems to miss the papular stage and is recognized only 
in the vesicular stage; finally, the shape of the lesions is characteristic. 
Those of varicella are oval, often irregular and soft and velvety to the 
touch, while the variolous lesions are round, almost invariably so, and 
are hard and shotty. 

Both diseases may, of course, develop anomalies with regard to all 
these points, but it is more unusual for varicella to mimic variola than 
it is for a variolous eruption to imitate varicella, which, of course, is 
fraught with greater danger. 

The distribution of the eruption in such instances again 1s a valu- 
able guide. Indeed, according to Ricketts, it is finally the distinguish- 
ing feature on which the greatest relianee can be placed. This is true 
even in the eases which present the greatest difficulty, Le., those in 
which the eruption is scant, although here the character of the lesions 
may possibly be a more valuable guide. 

The differentiation of the two diseases 1s of such importanee that 
we find it expedient to use Ricketts’ tabular form in summarizing the 
main differences between the eruption of variola and varicella: 


V ARIOLA 


1. The rash is most abundant 
on the face; most scanty on the 
abdomen and chest. 


9 The rash is much more 
abundant on the back than on the 
abdomen. 


3. The rash is more abundant 
on the shoulders than across the 
loins, and on the chest than on the 
abdomen. 

4. The rash favors the limbs 
and, generally, the arms, next to 
the face. 


V ARICELLA 


1. The abdomen and chest are 
covered as thickly as the face, or 
more thickly. 

2. The abdomen 
equally with the back. 


is eovered 


3. The distribution is indif- 
ferent. 


4. The rash tends to avoid the 
limbs. 


196 


VARIOLA 


5. The distribution on the 
limbs is centrifugal. 

6. The rash favors promi- 
nences, and surfaces exposed to ir- 
ritation ; it tends to avoid protected 
surfaces, flexures and depressions. 

7. The lesions are deep-seated, 
and have an infiltrated base. 

8. The lesions are generally 
cireular in outline. 


9. The lesions are homogeneous 
in character; or if they are hetero- 
geneous they are heterogeneous by 
law. 


10. The vesicles, generally, are 
multilocular. 

11. Frequently some of the 
vesicles are indented. 
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VARICELLA 


5. The distribution on the 
limbs is centripetal. 

6. The rash behaves indiffer- 
ently. 


7. The lesions are superficial 
and the base is not infiltrated. 

8. The lesions frequently have 
an irregular outline; when they lie 
near a flexure they are apt to be 
oval or elongated. 

9. The lesions often are not 
homogeneous; and the want of 
homogeneity bears no relation to 
the sizes of the lesions and to their 
situation. 

10. The vesicles, generally, are 
unilocular. 

11. The vesicles are never in- 
dented and seldom dimpled. 


Among other pustulous eruptions which may resemble variola may 


be mentioned syphilitic eruptions, acne, vmpetigo contagiosa, and the 
pustulous exanthemata of septic diseases. The Wassermann reaction 
and the history of the case should exclude syphilis, while in acne and 
impetigo the absence of initial symptoms preceding the outbreak of 
the eruption should serve to make the proper diagnosis. In addition 
to this, the vesicles of impetigo are unilocular, and the redness sur- 
rounding the sore is not so marked as in variola. Rashes due to digestive 
disturbances or to drugs, bromids, iodids, ete., can be recognized by 
the absence of initial symptoms and the history of dietary indiscre- 
tion, or the administration of certain drugs. 

In pneumococcic septicemia after pneumonia, much confusion may 
be caused by the presence of a pustulous eruption on the back, the chest 
and the extremities, but the distribution of the sores and the absence 
of a history of exposure to variola should prevent an error of diagnosis 
In such instances. 

The vaccination test on the cornea of the rabbit is often resorted 
to in suspected cases. Inoculating the contents of a variola pustule 
into the rabbit’s cornea produces a typical lesion in about thirty hours, 
at first a thickening of the epithelium, which in a day or two develops 
into a sore, stained sections of which present Guarnieri bodies. 

The final test, however, is convincing evidence of vaccination. Suc- 
cessful vaccination within half a dozen years, at least, or revaccina- 
tion at any time, or a successful vaccination during the early stages 
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of the disease—especially after the third day of the eruption—may 
be taken to indicate that the ailment is not small-pox. 

Complications.—The complications of variola are generally related 
to the severity of the skin lesions, especially during the suppurative 
stage, and are due to pyogenic infection of the skin, the eyes and the 
mucous membranes of the nose, mouth, the throat and the respiratory 
tract. 

The presence of a pustule on the eye may lead not only to severe 
conjunctivitis, but also to ulceration of the cornea followed by opacity, 
perforation and even panophthalmia, Severe cases may lead to perma- 
nent blindness. 

More or less serious ear trouble may also complicate variola. The 
external canal as well as the tympanum and the mucosa of the eustachian 
tube sometimes become congested and swollen, and purulent otitis media 
and even mastoiditis or other sequel of otitis media may occur. 

The eruption on the mucous membrane of the nasopharynx may 
lead to phlegmonous inflammation of the esophagus, tongue and fauces, 
the latter sometimes suggesting diphtheria, or it may lead to an ulcerative 
condition of the larynx with its attendant sequelw; there is nearly always 
some hoarseness, although complete loss of voice is rare. When it does 
occur it is a bad prognostic sign. Edema of the glottis also often com- 
plicates variola, and may be severe enough to demand tracheotomy. 

The damaged condition of the skin may lead to bed-sores, super- 
ficial abscesses and boils, unless great care is taken to prevent them; 
while cellulitis, ervsipelas and tetanus may appear during the stage 
of encrustation and result in death. 

The most important complications of variola, however, are those that 
involve the respiratory passages. Bronchitis is decidedly not uncom- 
mon and may be serious and develop into bronchopneumonia. Lobar 
pneumonia and pleurisy often accompany variola; while heart affee- 
tions—pericarditis (serofibrinous or purulent) and myocarditis—are 
sometimes met with. Adenitis, cervical and axillary, and orchitis (in the 
male) also frequently complicate variola. The latter is by some authori- 
ties regarded as part of the symptom-complex of the disease, but others 
feel justified in considering it a complication, since changes have been 
observed postmortem that suggest that the orchitis develops during the 
evolution of the eruption. Small, hard nodules may sometimes be pal- 
pated (intra vitam) during the pustular stage. 

Nephritis is not unusual. Paralysis is sometimes reported. It is, 
however, usually transitory and disappears in a few weeks. It is gen- 
erally interpreted as a peripheral neuritis, but (as McClure points 
out) is more likely the result of the effect of the toxin on the spinal 
cord and the meninges. Cases of paraplegia and hemiplegia are also 
recorded, but are very unusual. 

‘Clinical Varieties.—The clinical course of variola is determined by 
the severity and the character of the eruption, the disease accordingly 
presenting several clinical varieties, the most malignant of which is 
variola hemorrhagica, occurring in two forms: variola hemorrhagica 
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purpura (black small-pox) and variola hemorrhagica pustulosa. Less 
malignant is the type known as varola vera in which the lesions may 
be confluent, semiconfluent or discrete, the latter gradually merging 
into the third variety, known as varioloid, a modified form which, in 
some instances, is so aberrant as to omit the eruption altogether, being 
then known as variola sine exanthem. 

Before vaccination was as commonly practiced as it 1s to-dav among 
intelligent and civilized people, the hemorrhagic type and the malig- 
nant forms of variola vera were much more frequent than they now 
are and were more prevalent in some epidemics than in others. 

VARIOLA JIEMORRIIAGICA.—The hemorrhagic forms of variola seem 
preferably to attack young people and pregnant ‘women. The latter, 
if they survive long enough, usually abort. The two forms are mani- 
festations of different degrees of the severe toxemia—in purpura the 
hemorrhage into the pocks from the mucous membrane oceurs during 
the eruptive stage, while in pustulosa it takes place during the vesicular 
or pustular stage. The initial symptoms in either are severe. 

Variola Hemorrhagica Purpura.—On the evening of the second day, 
or on the third day, in the purpuric form, a diffuse hyperemic rash 
appears on the body, developing especially in the groins, starting with 
small punctiform hemorrhages which gradually increase in size; at the 
same time the conjunctive are more or less eechymotie and there may 
be hemorrhage from the mucous membranes. The skin assumes a pur- 
phish or even a plum-colored hue, and the edema of the face, together 
with large conjunctival hemorrhage, and sunken appearance of the cor- 
nea, gives the patient a truly ghastly aspect. Death generally results 
in three or four days, but may set in even before the rash appears. 

Variola Hemorrhagica Pustulosa—The clinical picture of variola 
hemorrhagica pustulosa is not much more encouraging. The fatal course 
may be delayed to the seventh, eighth or ninth day, but is generally 
run in three to four days. The earlicr the hemorrhage takes place the 
greater is the danger. When the lesions succeed in progressing to the 
pustular stage, hemorrhage may occur between the lesions or at their 
bases, the prognosis being a little more favorable when the latter is 
the case. 

VARIOLA VERA.—Confluent Types.—In the confluent types, as their 
name indicates, the lesions are more or less closely sown so as to adhere 
or to merge one into another during the pustular stage. This refers 
particularly to the eruption on the face and the exposed surfaces; on 
the body itself the pocks are, as a rule, discrete. The evolution of 
the eruption is generally rapid, with a very rapid dissemination over 
the body, especially marked on the face, which becomes edematous and 
distorted. 

Involvement of the mucous membranes leads to complications which 
in turn unfavorably affect the temperature. The condition progresses 
from bad to worse and the end generally comes with associated symptoms 
of general sepsis. 

When recovery takes place convalescence is slow and protracted. 
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Desiccation of the confluent lesions is retarded, owing to the reforma- 
tion of suppuration in the very diffuse eruption. The normal process 
is also interrupted by the development of abscesses and furuncles. After 
the primary desquamation thin crusts often form again and again before 
the final healing of the lesions takes place. The lesions on the mucous 
membranes also heal very slowly; and fever, owing to complications, is 
apt to persist into the third week of the disease. 

Discrete Form.—In the discrete form of variola vera the lesions are 
fewer in number and the disease is not so apt to be fatal, its malignancy 
depending upon the number of lesions and the presence or absence of 
compheations. The skin presents the same inflammatory edema, but, 
as the pustular stage is reached, the temperature falls, the general con- 
dition improves, and in uncomplicated cases convalescence sets in 
toward the end of the second week. 

VARIOLOID.—The benign variety of variola, known as varioloid, is by 
some authors made to include all mild or aberrant forms of the disease, 
while others restrict the term to those cases that have been modified 
by vaccination. 

Varioloid differs from variola vera in running a shorter and more 
benign course after the eruption once appears. The incubation period 
is the same, but the period of invasion may be longer or shorter than 
in variola vera, while the symptoms may or may not be severe, and in 
no way indicate the clinical type that the disease will assume. The 
latter can sometimes be foretold by the prodromal rash which in variola 
vera is generally petechial, while in varioloid it 1s more likely to be 
erythematous or morbilliform. It is the character of the eruption, as we 
have seen, that finally determines the history of the disease itself. In 
varioloid the temperature, if it has been high, falls rapidly during the 
eruptive period, reaching the normal on about the fourth day, without 
any secondary rise at the suppurative stage, except in very rare in- 
stances. The eruption may vary both in the order and extent of dis- 
tribution and in its evolution. Instead of regularly beginning on the 
face or exposed surfaces it often appears first on the trunk or simul- 
taneously in different parts of the body. The number of efflorescences 
may vary from a very few discrete pocks to a profuse eruption diffusely 
spread over the skin surfaces. The single pocks, beginning as red macules, 
are quickly transformed into papules, many aborting at this -stage. 
Others go on to vesiculation and abort at the beginning of the pustular 
stage, and some very rapidly go through the pustular stage—a fact 
that often adds to the difficulties of diagnosis. The vesicle begins to 
fill about twelve hours after the macule appears, and on the third day 
(of the eruption) shows signs of suppuration which nearly always is 
superficial. The areola surrounding the pustule is small without any 
evidence of inflammatory or edematous swelling. Desiccation begins on 
the fifth to the seventh day (of the eruption) ; or earlier in the abortive 
efflorescences. The pustules simply dry up without rupturing, and leave 
a thin brownish crust which, being superficial, falls off easily. It is 
only in the buried crusts on the palms and soles that desquamation is 
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apt to be slow. Slight prominences and pigmentation which remain 
after desquamation disappear in a few weeks without leaving any trace 
of the disease. 

The mucous membranes are often affected but not so severely. The 
visible pocks are few in number, and although catarrhal inflammation 
of the buccal mucosa, dysphagia, hoarseness and coryza are present, 
they are not so annoying as in variola vera, and never give rise to 
serious ulcerative and necrotic processes. This type of the disease is 
probably not so infectious and contagious as variola vera, since it prac- 
tically never attacks an individual who has been successfully vaccinated, 
even at a remote period. 

VARIOLA SINE EXANTHEM.—Some exceedingly mild forms of vario- 
loid, in which only a few pocks develop, form the transition type to 
variola sine exanthem, in which there is no sign of the eruption on 
the skin or on the mucous membranes. The etiology of the disorder 
rests altogether on circumstantial evidence. Often a person with some- 
what defective immunity, possibly from a very remote vaccination, who 
is known to have been exposed to small-pox contagion, develops symp- 
toms so typical of the invasion period that the eruption is naturally 
expected to appear on the third day, but fails to do so. Instances of 
this kind have been observed during certain epidemies in sufficient num- 
bers to warrant the inclusion of the form as a variety of varioloid. 
Marked backache in these cases should arouse the suspicion, while the 
appearance of a prodromal rash should establish a diagnosis of variola 
sine exanthem; for often the disease is not recognized except in its 
effects, such cases having been known to form the source of infection 
in a case of variola vera. 

Treatment.—PRoPItyLAXIs.—Prophylaxis against variola is com- 
prised in the one word—vaccination. With this definite preventive meas- 
ure at the command of medicine for more than a century, the beneficial 
value of which is beyond estimation, the subject of variola should to- 
day be a matter of historical interest only. Unfortunately, however, 
the light has not yet penetrated into certain quarters and cases of 
variola do occur among unvaccinated individuals or among such per- 
sons who have to some extent lost the immunity acquired by a remote 
vaccination. 

The question of the persistence of the immunizing effects of vaccina- 
tion is an important one. There is no doubt that it establishes life-long 
immunity to a certain degree, but some persons show a greater predis- 
position to the disease than others, and at a more or less remote period 
the protective value of vaccination begins to diminish. The thirtieth 
year of life is generally regarded as the period at which this becomes 
evident—a fact that has been recently confirmed through the oppor- 
tunities afforded for the study of this question during the world war. 
It appears that ‘‘cradle’’ vaccination and revaccination at puberty are 
effective in the vast majority (about 95 per cent.) of individuals up 
to about the fourth decade, the effects beginning to decline after the 
thirtieth year, so that revaccination of all persons between the thirtieth 
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and fortieth years is advisable. Among 1,000 (500 males, 500 females) 
individuals, Gins obtained 30.4 per cent. successful revaccinations among 
those between thirty-one and thirty-five years, 62.7 per cent. among 
those between thirty-six and forty years of age, and about 65 per cent. 
among those beyond the fortieth year. A decided increase is also seen 
in the severity of the disease (in vaccinated persons) acquired after 
the thirtieth year as compared to that acquired before that period. 
Among 58 cases that contracted variola between the ages of fifteen and 
thirty years, 60 per cent. developed mild cases, 36 per cent. moderate, 
and 16 per cent. severe cases, with only one death in the series. Among 
a group of 328 individuals over thirty years of age who fell ill, 68 per 
cent. were beyond the fortieth year; of these, 33 per cent. developed 
mild, 43 per cent. moderate, and 24 per cent. severe cases, with a death 
rate of about 13 per cent. For the years between thirty-one and forty, 
the cases were mild in 52 per cent., moderate in 29 per cent. and severe 
in 16 per cent., with a death rate of 4 per cent. 

Second only to the prevention of small-pox by vaccination and re- 
vaccination is the importance of preventing its spread. Notification 
to the public health authorities and isolation of the patient are the 
first steps to be considered. Wherever possible, prompt removal of 
the patient to an isolation hospital is demanded. The hospital, when- 
ever feasible, should be situated in a sparsely settled district, since the 
disease is carried by the air and by insects, and small-pox hospitals have 
often been suspected of forming the foci for the spread of the disease. 
After the patient has been thus placed in strict quarantine, vaccination 
of all contacts and suspects should be rigidly enforced, since variola 
is highly infectious from the moment of the appearance of the initial 
symptoms. The patient’s whereabouts during the two weeks (incubation 
period) prior to his illness should be investigated, in order to discover 
any possible unreported contacts. Successful vaccination or revaccina- 
tion of these persons, if done within three days of exposure, will usually 
prevent any secondary outbreak, and if done as late as the sixth day, 
will certainly modify the course of the attack. Contacts who fail to 
present evidence of recent successful vaccination should be kept in 
quarantine for fourteen days, or until all danger of developing the dis- 
ease has passed. Those, however, who show satisfactory vaccination 
marks of comparatively recent date should be kept under observation, 
but may be allowed their liberty; for it is as sure as anything in medi- 
cine that they will not contract the disease. The economic loss and 
great inconvenience attendant upon maintaining a strict quarantine 
should be taken into consideration by the health authorities and the 
physician, and should not be imposed upon those whom experience has 
shown to be practically immune to variola. 

The patient’s home should be fumigated, and the furnishings of the 
room and the room itself cleansed with soap and water, and renovated, 
if possible. This renovation 1s more essential in cases of small-pox 
than perhaps in any other acute infection, owing to the extreme tenacity 
of the virus of the disease. 
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The patient should be kept under strict quarantine until all the 
crusts have separated, especially those (buried cores) on the palms and 
soles. When very persistent, the desquamation process can sometimes 
be hastened by means of warm soap and water baths. 

Only such persons should be employed to attend a small-pox patient 
who have been properly protected by vaccination or by revaccination 
before entering the sick-room. In reality it is good practice routinely 
to vaccinate any one who is assigned to attend the patient. The nurse 
should disinfect everything that comes in contact with the patient, such 
as bed and body linens, eating utensils and dishes. Bandages and 
dressings should be burned, and the excreta disinfected before being 
earried from the room. General rules, as given in the chapter on Sear- 
let Fever (pp. 257-258), should be observed in hospital cases as well as 
in those treated in the home. 

The strictness of quarantine should in no way be relaxed in a case 
of varioloid. The latter condition may be as infectious as variola vera, 
and may give rise to any of the more severe and fatal forms. 

Varioloid and the milder forms that are generally met with to-day 
need very little treatment. Isolation provides the necessary rest which 
is about the only thing the patient will require after the initial fever 
has subsided. 

GENERAL TREATMENT.—The general treatment of variola is purely 
symptomatic. The patient should be made as comfortable as possible. 
Plenty of fresh air, a comfortable bed, with light bed-coverings sup- 
ported by a frame or cradle, and frequent change of shertts are essential. 
A water-bed often proves serviceable in relieving the discomfort of the 
numerous hard lesions. 

In the preéruptive stage, or the period of initial fever, the severe 
headache can be relieved by phenacetin, or caffein, cautiously given; 
and for the backache, aspirin combined with codein is useful; joint 
pains should be treated with hot fomentations or poultices; dry cup- 
ping has also given satisfaction. Thirst should be relieved by copious 
draughts of water with or without the addition of lemon juice or in the 
form of the Imperial Drink (p. 267). For the chilliness the use of hot 
water-bags or bottles is indicated. For the fever at this stage cold 
sponges or cold packs, according to the degree of fever and the presence 
or absence of nervous symptoms, will be found efficacious. 

Diet during the febrile stage should be limited to liquid nourish- 
ment, milk, buttermilk, albumen, water, ete. After the initial fever 
subsides advantage should be taken of the afebrile period to push the 
diet to include as much nourishing solid food as the patient will take, 
such as steak, chops, eggs, milk and the more easily digested vegetables. 
Thus fortified, the patient will be better able to combat the severe strug- 
gle that is in store for him during the stage of suppuration. During 
the secondary fever the diet is again limited to the customary febrile 
régime. Sometimes, owing to the presence of the specific lesions in the 
mouth and throat, there will be difficulty in swallowing and the diet 
will have to be limited to liquids throughout the illness. It is important 
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for the patient to have as much nourishment as possible. Feeding 
should be regular at two or three-hour intervals, including the night, 
if the patient is awake. We would suggest milk—either plain or pep- 
tonized, with the addition of thin gruel, or in the form of milk punch 
—eges, eggnog, broths or beef juice, four to ten ounces pressed from 
fresh cut beef, and if desired, mixed with milk. Where there is diffi- 
culty in swallowing, the liquids are better given cold; rectal feeding 
may have to be resorted to in severe cases, although it is not apt to be 
successful, possibly on account of the presence of lesions in the rectum. 

Orthoform, one grain (.065 gram), given just before feeding, may 
be helpful; failing this, the throat may be painted with a 1 per cent. 
solution of cocain hydrochlorate, which usually will remove the diffi- 
culty of swallowing. Alcohol is well borne by small-pox patients, and 
in the severe cases may be given in the form of brandy or whiskey, in 
milk, or in a small amount of glycerin or syrup and water to avoid 
irritating the throat; in the mild cases alcohol is not usually indicated. 

During convalescence the régime should again be liberal and the appe- 
tite stimulated, if necessary, by tonics containing strychnia and alcohol. 

For the secondary fever in its early stages cold baths in the form 
of packs and sponging will prove of value; but during the later or sup- 
purative stage Warmth is indicated. This is usually given in the form 
of the continuous warm bath for several days at a time, with the patient 
placed in a sort of cradle in the tub, the water to be kept at a constant 
temperature of 95° F. (35° C.) It is important not to allow the water 
to cool, as a lower temperature may cause the patient to become de- 
pressed. Ruhrah considers this one of the best means of treatment at 
our disposal. It lessens delirium, should it be present, keeps the skin 
clean and oftentimes lessens absorption and prevents the formation of 
scabs and of suppuration beneath the scabs. 

Delirium is treated in the usual manner by the use of sedatives— 
bromids, with or without chloral or morphin. The administration of a 
cathartic oftentimes assists in quieting the patient. The delirium may 
be severe and may necessitate restraint, but this should be resorted to 
only when absolutely necessary, in order to avoid possible rupture of 
the pustules and injury to the severely traumatized skin by tugging 
and pulling at the restraining bands. 

For insomnia, hypnotics, such as veronal or trional, may be of use. Or 
sometimes one or two large doses of whiskey may bring the desired 
sleep. 

There are few, if any drugs, that abort or alter the attack in every 
instance. Some authorities, Ker, for example, find salol, 10 grains (0.65 
gram) useful if given every four hours as soon as the eruption appears. 
In some instances this has brought about a more rapid evolution of the 
eruption to the stage of pustulation, the latter being incompletely de- 
veloped. This writer makes the reservation, however, that nearly all 
cases so treated had been vaccinated in infancy and therefore have re- 
tained a certain degree of protection. The drug is sufficiently harmless 
to be worth a trial. 
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In line with the modern use of colloidal metals in the treatment of 
infections, gold has proven useful in some instances. Septét and Manet 
used intravenous injections of colloidal gold in five cases of variola 
confluens and succeeded in obtaining a reduction of the fever during 
the suppurative stage which, in spite of the serious condition, never 
rose above 104° F. (40° C.). In one case suppuration was altogether 
prevented, while in another (secondary hemorrhagic variola) the cutane- 
ous symptoms were rapi@ly controlled and crusting encouraged. Com- 
plications during convalescence were limited to abscess formation (two) 
in one instance, and in another to abscess and adenitis; while 1n the 
cases not treated with the gold, convalescence was interrupted by severe 
furunculosis, multiple abscesses (19 in one case), diffuse phlegmon, 
erysipelas, ete. No visceral disturbances followed the injections which 
were given, one dose daily of 14 cc. and 1 ec. respectively, on two 
successive days, followed on the fourth day by 2 c.c. of the colloidal 
gold, the latter being the largest amount that was given. The admin- 
istration was stopped as soon as the temperature fell to 100.4° F. (38° 
C.). Each injection was immediately followed by an injection of cam- 
phorated oil, for the purpose of obviating cardiae symptoms during the 
reaction. 

Owing to the swollen condition of the tissues it may sometimes be 
difficult to give the injections; in two cases in this series it would have 
been altogether impossible to do so had the patients not been treated 
before the eruption broke out. 

Treatment of the eruptions is directed toward keeping the lesions 
clean and intact. Welch and Schamberg recommend painting the con- 
fluent parts with a freshly prepared tincture of lodin, pure, or, if de- 
sirable, diluted, repeated daily or every other day. This we find secures 
early separation of the scabs, reduces the tendency to abscess formation 
and lessens the inflammation of the skin in the later stages. Others 
apply a solution of 25 per cent. alcohol with boric acid; and still others 
advise spraying with alcohol alone or combined with some other anti- 
septic solution, or with ether and bichlorid, 1/3,000 or 1/5,000. Dur- 
ing the period when the lesions begin to rupture compresses of per- 
manganate of potassium frequently changed will serve to keep the skin 
clean and remove the discharging pus which, if allowed to dry, is apt 
to lead to formation of crusts and abscesses beneath them. 

Ointments and dusting powders are not indicated during the early 
stages of the eruption, but when the crusting period sets in, a bland 
ointment will be found useful in reducing suppuration, keeping the 
scabs soft and hastening desquamation. Warm soap and water baths 
several times daily serve to aid in the separation of the scabs, and 
any of the dusting powders will relieve the irritation that results after 
the scabs fall off. Alcohol and alum water, judiciously used, will serve 
to harden the tender skin. 

Should erysipelas supervene it is best treated by wet dressings. Ab- 
scesses and boils should be incised and drained. Bed-sores, or gangrene 
of the skin, should either develop, are treated in the usual manner. 
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One of the most aggravating symptoms at this (crusting) stage is the 
violent itching. It often causes insomnia and marked nervous symp- 
toms, while the consequent violent scratching increases the chance of sec- 
ondary infection. It can be treated by spraying, with alcohol with or 
without menthol (14-1 per cent.); or by sponging with carbolic acid 
water (1/40); or by the application of salicylic acid, or of ichthyol di- 
luted with glycerin. Either of these may also be used in the form of 
ointments, not in the early stage, but later on. 

Anything that prevents suppuration also favorably affects the re- 
sulting scarring. This is best accomplished by the tincture of iodin, 
already mentioned, while the softening of the scabs, which, if removed, 
is supposed also to reduce the scarring, is often hastened by the use 
of an ointment composed of bicarbonate of soda 2 drams (8 grams) and 
petrolatum 1 ounce (30 grams), as recommended by Welch and Scham- 
berg. Ruhrah advocates frequent bathing in water, to which some 
antiseptic is added, such as bichlorid of mercury (1/10,000) or alum 
(1/1,000). One pound of the latter to a tub (500 liters) of water would 
be an approximate proportion. 

The small-pox patient emits a disagreeable odor which is annoying 
to himself as well as to his attendants. It can be controlled by frequent 
bathing in water, to which permanganate of potassium has been added. 

In former times small-pox was one of the most fruitful sources of 
blindness, mainly due to the omission of prophylactic care of the eyes. 
It is therefore important to make the toilet of the eyes part of the routine 
treatment of variola. Mild conjunctivitis will require merely irrigation 
of the eyes three to four times daily with salt solution or boracic acid 
solution, and anointing the lids at night with an ointment of yellow 
oxid of mercury, 14 grain to 15 ounce (30 milligrams to 15 grams). 
In the severcr cases this should be supplemented with instillations of 
argyrol, 10-25 per cent., while for very severe conjunctivitis cold com- 
presses, one hour at a time, three times daily, will be necessary. 

Keratitis should be treated with irrigations of boric acid, instilla- 
tion of argyrol, the application of the ointment of yellow oxid of mer- 
cury (as above), and also atropin in a one per cent. solution, one or two 
drops to be instilled three times a day. In addition to this, the more 
severe cases will require applications of hot compresses one hour at @ 
time, three times daily. 

Ulcers that are deep and threaten to perforate should be gently 
touched once a day with pure carbolic acid or with tincture of iodin. 
And for clearing up corneal opacities it is well to mstil dionin, begin- 
ning with a 4 per cent., and gradually increasing to a 10 per cent., solu- 
tion, two drops twice daily, and to apply gentle massage to the cornea 
with the ointment of yellow oxid of mercury, 1 grain-2 drams (.065 
gram-8 grams). 

The throat condition which often is annoying can be relieved by the 
use of cooling drinks. The mouth should be kept clean by frequent 
washings with any of the bland antiseptic washes, of which perman- 
ganate of potash, 1/4000, is perhaps the most efficacious, according to 
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Ruhréh. The tongue and gums can be gently swabbed with a mixture of 
glycerin, boric acid and water. If the inflammation of the tongue 1s 
severe it usually yields to painting with glycerite of tannic acid, but 
incision may sometimes be required. Severe edema of the glottis may 
require tracheotomy, which often is particularly difficult to perform on 
account of the large hemorrhage that is apt to ensue when the tissues of 
the neck are very much swollen. 

For the treatment of the unsightly and disfiguring scars remaining 
after an attack of variola, Unna, Jr., finds the use of carbon-dioxid snow 
in short doses—three, five to ten seconds, according to the individual skin 
reaction—the most useful. The technic, however, is a delicate one and 
requires the services of a skin specialist. Electrolysis is also recom- 
mended by Unna for treating the more prominent scars, while chemical 
treatment with thiosiamin and its derivative, fibrolysin, has also been 
of service in his experience. The former is applied in the form of a salve, 
and the latter in subcutaneous injections. Their use favors resorption, 
as do also plasters composed of salicylates and mercury. 

The effect of the color red in the form of hangings and curtains about 
the patient has been known since the early thirteenth century. Finsen, in 
our time, applies the method in the form of red-light treatment. Re- 
ports of the results are so lacking in uniformity as to raise considerable 
doubt in regard to its value. Finsen believes that the exclusion of the 
chemical action of actinic rays must necessarily diminish the severity 
of the inflammation and lessen the number of lesions that may develop. 
He places the patient in what is practically an unventilated, photo- 
graphic dark-room, from which all but the red rays are excluded. In- 
deed, some authorities think it necessary to test the glass that is used 
in order to make certain that no other light enters. The mental effect 
on the patient confined in such a room is shown in psychic disturbances, 
restlessness and delirium. 

Dreyer attempts to overcome this undesirable effect by excluding the 
actinic rays more directly by the use of dressings saturated with per- 
manganate of potash, which gives the red coloring and at the same time 
acts as a disinfectant and a deodorant. He claims to have observed a 
decided diminution of suppuration, absence of odor and reduction both 
in severity and duration of the suppuration. This method presents the 
great advantage of permitting the use of that most valuable therapeutic 
agent, fresh air, and at the same time obviates the unpleasantness, both 
for the nurse and patient, of the depressing effect of enforced seclusion 
in a darkened room. 

SERUM THERAPY.—Serum therapy has been suggested and tried, but 
has not met with success, owing mainly to the enormous amount of 
serum required, which according to Thomson and Brownlee, is about 
one-fiftieth part of the body weight for the adult and about one-twentieth 
for the child. These authors used the serum of immunized heifers which 
they found, if injected into another heifer recently vaccinated, provided 
a certain degree of immunity against vaccination. 

The use of serum from a recovered variola patient has also been 
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tried. Although a rational method, if has not met with success; the 
amount of serum obtainable is small and the results not satisfactory. 

Prognosis.—Various factors determine the prognosis of variola. As 
mentioned in discussing the clinical varieties, much depends upon the 
character of the specific lesions, and it may be stated here that the danger 
is in direct proportion to the number of lesions on the face and hands. 
The fatal character of the hemorrhagic varieties has already been alluded 
to. In addition to this, there enter the age and condition of the patient 
and the efficacy of vaccination. Children are more apt to succumb 
than adults. During the epidemic in Montreal during 1884-1886, over 
85 per cent. of deaths occurred among children under ten years of age. 
As already stated, pregnancy unfavorably influences the course of the 
disease; naturally, also, intemperate habits and debility are not with- 
out their effects. Complications—particularly pharyngitis, laryngitis 
and bronchitis—often are the direct cause of death. But it is the un- 
vaccinated that supply the greatest number of fatalities in variola. In 
Welch’s collected statistics of 5,000 cases occurring during the epidemic 
in Philadelphia from 1870-1874, the total death rate was 31.2 per cent.; 
of this number, 54.18 per cent. occurred among unvaccinated against 
1.29 per cent. among vaccinated individuals. The death rate depends 
upon the form of the disease that prevails. In the hemorrhagic form, 
recovery is very rare; in the confluent form, in the unvaccinated, the 
mortality may be as high as 50 per cent. The type of the disease as we 
now see it is eminently benign, complete recovery without any perma- 
nent after-effects being the general rule. 

In the severe cases of variola pitting from destruction of the skin 
often results to such a degree as to produce loathsome disfigurement 
of the face. 

Blindness, as already stated, has been known to result when keratitis 
with sloughing has complicated the illness. 

Pathology.—Councilman describes the histological changes in the 
skin in variola as due to degeneration of the epithelial cells and exuda- 
tion into the degenerated part. Degeneration begins in the nuclei of 
the epithelial cells and is associated with a reticular degeneration of 
the cytoplasm which may affect all of the lower cells of the epidermis, 
the result being a characteristic multilocular pock or pustule. This de- 
velopment may be confined to the epidermis or it may also involve the 
corium which then forms the base of the pustule. The smallest visible 
papules are due to exudation which, together with cell degeneration, sets 
in early. According to Councilman, ‘‘the earliest visible lesion is really 
a vesicle, but the exudation enclosed in a number of small spaces does 
not give the swelling the macroscopic appearance of a vesicle.’’ 
Leukocytes appear later in the exudate, being attracted by the necrosis. 
Toward the final stage of the pustule the cells in the exudate, as well 
as in the degenerated epithelium, break into fragmentary indefinable 
granular masses. 

The exudate in young vesicles rarely contains red blood-corpuscles, 
although a few are sometimes present in the pustule. Only a few eosino- 
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phils are found in the exudate in any of the stages. Few polynuclear 
leukocytes are found in the blood in variola. This can hardly be ex- 
plained by the paucity of ‘these cells in the skin lesions since, in the 
lesions in the lungs and mucous membranes which are due to strepto- 
coceic infection, the exudate presents the usual cell character. 

Bacteria are generally absent in a microscopic study of the vesicles 
and the pustules. Councilman, in but a few sections of the numerous 
ones studied, found a few cocci, usually in chains or pairs, oveurring 
more frequently in the corium than in the epidermis. But in no instance 
was their relation to early epithelial degeneration such that they can 
be regarded as the causative factor of the disease. 

The specific organisms, according to Councilman, are probably 
brought to the skin by the blood. They enter the epithelial cells at a 
single point which forms the starting point of the lesion. In purpuric 
small-pox the organisms reach the skin in larger numbers, so that the 
condition which ordinarily is found only at the primary focus of vesicle 
formation is extended over a larger portion of the epidermis. 

Repair of the lesions sets in early. The process takes place by ab- 
sorption and drying up of the fluid portion of the exudate and degenera- 
tion of the epidermis, during the course of which the ‘‘residual mass of 
degenerated epithelial cells, leukocytes and débris enclosed between two 
layers of horny epidermis, the old and the newly formed, is exfoliated.’’ 

The lesions, except those on the palms and soles, generally show 
umbilications, due to no one cause, but in a measure to the primary, 
hyaline, fibrous degeneration of the epithelial cells, the central and 
primary point of the lesion, which prevents distention at this point, 
and partly also to greater adherence of the cells at points where sweat 
glands and hair ducts pass through the epidermis. 

The lesions on the mucous membranes develop in the same way as 
those of the skin, except that, owing to the absence of a horny layer, 
the degenerated cells are cast off, so that the specific character is seen 
only in its early stage, the vesicle being rarely seen and the pustule 
never. 

In addition to the specific lesions there are other non-specific ones 
which, at autopsy, are frequently found on the soft palate and the uvula, 
consisting mainly of superficial loss of substance with deep necrosis of 
the underlying tissue, and containing streptococci and polynuclear 
leukocytes, numerous when compared to those in specific lesions. 

The presence of specific lesions and erosions is often noted post- 
mortem in the upper respiratory tract and on the tonsils, the soft palate 
and in the nasopharyngeal region, and extending to the larynx, the 
bronchi, sometimes also on the uvula and the vagina. 

Bronchitis is the most common lesion associated with variola, and 
is usually attended with more or less extensive bronchopneumonia, af- 
fecting both the large and the small bronchi. In fact, pulmonary in- 
volvement is the most frequent and the most serious complication of 
variola and often is sufficiently pronounced to cause death without the 
aid of the specific disease itself. Different varieties of pyogenic cocci 
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are constant findings in these cases, streptococci and pneumococci being 
the most frequent, in the order named. 

The digestive tract is comparatively free from specific changes. A 
few typical efflorescences may develop on the esophagus, but the stomach 
and intestines are not affected, although occasionally a few pocks de- 
velop on the lower part of the rectum. The changes that are found in 
the gastro-intestinal tract are mainly catarrhal, or in the hemorrhagic 
type of variola, hemorrhagic from extravasation into the mucosa. 

The heart, when death occurs at the suppurative stage, shows a lax 
myocardium and slight indications of fatty degeneration. Endocarditis 
is seen only in septic cases. 

The liver is enlarged, most markedly so in the pustular and crust- 
ing stage, and postmortem shows cloudy swelling and evidence of fatty 
degeneration. Cloudy swelling also marks the changes in the kidney 
which are found in all cases of variola, and which may be seen at any 
stage of the disease. Glomerulonephritis is also observed and, clinically, 
develops during convalescence. Enlargement of the spleen is especially 
pronounced in cases that die early. Its capsule is tense and shiny, the 
consistency of the organ being much softened and its color darkened. In 
the later stages these changes often disappear. 

The testicles also show the same disseminated foci of necrosis in the 
interstitial substance, in the form of dense, yellowish areas, varving in 
size from that of a pinhead to that of a pea. This change in the tes- 
ticles is one of the very pronounced characteristics of variola in the 
male. 

Necrotiec changes were noted by Chiari also in the bone-marrow 
during the eruptive period ; these he has designated as myelitis variolosa. 
To these changes, some authors attribute the severe lumbar pains that 
characterize the disease. Muir, in a later study, paid great attention to 
the blood and bone-marrow. [He found a marked diminution or total 
absence of polynuclear cells—a fact which Councilman was subsequently 
able to confirm. 

Historical Summary.—The history of variola is the history of perhaps 
the most constant, extensive and malignant scourge with which mankind 
has been afflicted. The early origin of the disease is obscure. Although 
Ilippoerates, Galen and other ancient writers describe an eruptive dis- 
ease which may be small-pox, the omission of any mention of the charac- 
teristic pock marks by these authors as well as by later Greek and Latin 
writers, makes it more likely that the description refers to the plague 
and not to small-pox. 

Probably the first definite mention of variola is contained in ancient 
Chinese medical literature. A memorial (written from memory and 
found in the Royal Museum at Pekin by some missionaries) contains an 
account of the disorder, together with the description of the fever and 
the evolution of the eruption into pustules which increase, suppurate, 
flatten and form crusts. According to this account the disease was 
introduced into China during the Tcheou dynasty (1122 B.-C.), and 
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since the Ssong dynasty (590 B. C.) had been combated by the use of 
inoculation of the small-pox material. 

The disease was also known to ancient India, the inhabitants of which 
are said to have worshiped a goddess, Patraglia, who presided over 
the small-pox. 

Both among the Chinese and among the Brahmins of India the 
eustom of variolation was practiced from earliest times, the process 
among the latter being entirely in the hands of the priests and attended 
with all kinds of religious ceremonials. 

Variola is also supposed to have been prevalent from time imme- 
morial among the Negroes of Central Africa, whence it probably spread 
by way of the Red Sea, and from there extended to the Arab tribes, 
appearing (about 569 A. D.) among Abyssinian troops who were be- 
sieging Mecea, and so depleted their numbers as to compel them to 
raise the siege. 

The most accurate early description of variola is that of the Bagdad 
physician, Rhazes, dated about 910 A. D.; but to Avicenna, the Arabian 
physician (980-1037), belongs the credit of being the first to recognize 
a difference between small-pox and measles. At about this time also 
the term poca, the Anglo-Saxon equivalent for variola, appears for the 
first time in a tenth century leech-book attributed to an English physi- 
cian named Bald. After the introduction of variola into Arabia it 
became endemic there and appears to have spread to neighboring regions, 
extending to Asia Minor, North Africa and probably thence to European 
countries. 

According to the writings of one Sigbert von Gemblours, variola 
appeared in what is now known as France in about the year 541, the 
epidemic of that year being also described ten years later by Gregory 
of Tours, who also gave an account of a similar outbreak that occurred 
in 580 to 582. 

From the eleventh century onward an ever-increasing number of 
records contain descriptions of epidemics of small-pox, the best known 
of which is that of Constantius Africanus of Carthage, who at Salerno 
acquainted the physicians of that region with Arabic medicine. 

During the twelfth century the crusades with their tremendous out- 
pourings of various peoples were largely instrumental in spreading 
the disease, the epidemics of these times being of particular virulence. 

The Normans are supposed to have introduced variola into England 
about 1241; at the same time it 1s also reported from Denmark. On the 
continent the disorder seems to have become prevalent in Germany 
in 1493, having probably been imported from the Netherlands; some- 
what later it appeared in Russia and Sweden. Epidemics of unusual 
virulence are reported during 1546-1589 from Italy, France and Holland. 

In America, small-pox made its appearance not long after the land- 
ing of Columbus. It is reported in Hispaniola (new San Domingo) in 
1517; whence it spread to Cuba and the Antilles, and from Cuba to 
Mexico, through the medium of a Negro slave among troops captured 
by Navarez and landed in Mexico as prisoners of Fernando Cortez. The 
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ravages of the epidemic that originated in this way in Mexico beggars 
description. In a short time three and one-half million people are 
said to have ‘succumbed to the disease. 

Once having gained a foothold in Mexico, it was an easy matter 
for small-pox to spread to other American countries. In 1710, about 
60,000 persons are reported to have died of the scourge in Quito, the 
capital of Ecuador. In North America the African slave trade afforded 
an additional favorable opportunity for the continued prevalence of 
variola, a circumstance considered by some to be an important factor 
in the extermination of the Indians of North America. 

Thus no region seems to have been exempt from the ravages of this 
fearful scourge which respects neither age, nor sex, nor race. 

During the seventeenth and eighteenth centuries variola was con- 
stantly on the increase, only a favored few being spared an attack of 
the disease. It occurred mostly among children, adults more rarely con- 
tracting the disease because of the immunity acquired from the attack 
during childhood. Children who had not had small-pox were consid- 
ered ‘‘susceptible,’’ and a case of the disease occurring where a number 
of such susceptibles were gathered was the starting point of epidemics 
on many occasions. In the larger European centers the scourge ap- 
peared in epidemics of more or less severity in periods ranging from 
four to six years. 

Although writers, as late as the sixteenth century, failed to dis- 
tinguish variola from measles, they seemed to recognize the contagious 
nature of the disease. During the following centuries (the 17th and 
18th) there gradually arose a better scientific understanding of variola, 
and to Sydenham belongs the distinction of having made the first dif- 
ferentiation of measles and variola. But at the same time he was not 
so entirely convinced of the contagious nature of variola, rather leaning 
to the theory that the disorder was a sort of healing process by which 
the body in a natural way rids itself of harmful secretions. His thera- 
peutic suggestions were entirely opposed to those in vogue at the time. 
IIe recommended a cooling, antiphlogistic treatment which would hasten 
the outbreak of the eruption, allowing his patients to be out of bed in 
the fresh air until the eruption appeared; if the patient was unable 
to be up he insisted upon plenty of fresh air for the sick-room. 

Another advocate of fresh air was Boerhave (1668-1738), who also 
advised the use of cathartics, emetics and cupping for the fever. To 
this physician belongs the credit for the idea of controlling the spread 
of variola by isolating the patient. Not only was he convinced of the 
contagious nature of variola, but he observed that it was carried by the 
air and entered the body through the respiratory tract. Although isola- 
tion in those days was neither largely practiced nor carefully carried 
out, that it afforded a degree of control for the disease is evidenced from 
the historic example of Rhode Island, whose laws required that all suf- 
ferers from small-pox be isolated on the Island of Coasters Harbor, with 
the result that from 1740 to 1765 no epideniic of small-pox was known 


212 VARIOLA 


in that State. But, on the whole, quarantining variola victims proved 
of little avail in the general control of small-pox. 

An early German writer jocosely remarks that few escape small-pox 
and love. This may well be taken to indicate the general resignation 
with which an attack of small-pox was accepted as one of the inevitable 
or practically inevitable facts of life. Accordingly, efforts were directed 
not so much toward controlling the disease as toward devising means 
of controlling the attack, i.e., making it as mild as possible, and thus 
gaining immunity for life. The idea of variolation for this purpose is 
almost as old as the history of variola itself. The method and its evo- 
lution into vaccination, as introduced by Jenner, are discussed at pages 
191-194. Since Jenner’s day small-pox has been decreasing in propor- 
tion to the prevalence of the custom of vaccination, thus realizing the 
vision of Moore, who, in 1815, wrote: ‘‘Infectious diseases spring up 
in obscurity, and extend indefinitely; but if opposed with judgment, 
they might, like empires, be controlled; and would decline and fall. 
The small-pox has past through the first stages, and is now sinking into 
the last.’’ 
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VACCINIA 
(Vaccination) 


By SaMvUEL SipnEey Woopy, M.D. 
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Definition.— Vaccinia, or vaccination, is a febrile disease acquired 
only by inoculation with the virus obtained from cow-pox (bovine virus) 
or from a human subject who has been inoculated against variola (hu- 
manized virus), and producing a number of lesions corresponding to 
the number of insertions. 

Relation of Vaccinia to Variola.—The relation of vaccinia to variola 
has not yet been definitely explained. The accepted theory is that the 
virus of small-pox is altered during its passage through one of the lower 
animals, so that it loses its power of inducing small-pox but retains 
sufficient antibodies to act as a protection against the disease. The 
identity of the virus of variola and of vaccinia is established by the 
presence in both, as well as in skin sections of both diseases, of micro- 
scopic cell-inclusion bodies, first described by Guarnieri, in 1892, and 
later confirmed by Pfeiffer, Councilman and others. The studies of these 
bodies led these investigators to the conclusion that they are protozoa 
closely related to the etiology of vaccinia and variola. Fornet has de- 
scribed smal] diplococei which he found in lesions of both diseases and 
which he believed to be etiologically related to variola. Confirmation 
of these findings would establish the identity of the two disorders, but 
that confirmation has not been forthcoming up to the present. 

Copeman, of England, and Tyzzer, in this country, have shown by 
experiments that vaccination protects the monkey against subsequent 
inoculation with small-pox virus, thus confirming Jenner’s early ex- 
periments, which demonstrated the efficiency of vaccination by variola- 
tion, or the ‘‘variolus test.”’ 

Symptomatology.—MopE oF ONSET AND NorMAL CoursE.—The in- 
cubation period of typical vaccinia, especially after a primary vaccina- 
tion, is remarkably constant. For the first three days after the opera- 
tion there is no local reaction except that due to the trauma of the act 
of vaccination. At the end of the third day, or the beginning of the 
fourth day, the site or sites of inoculation redden, swell into tiny macules 
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which, within the next twenty-four hours, develop into flattened papules. 
About the fifth day the pock is surrounded by a small hyperemic areola 
from which the papule rises like the nipple from the mammary areola. ‘it 
then changes into a transparent vesicle and reaches complete maturity 
on the seventh or eighth day, when it presents a full round vesicle with 
a slight central depression containing a yellowish scab—the tissue from 
the vaccination sear. On the ninth or tenth day the vesicle becomes pus- 
tular and shows definite umbilication. Desiccation then sets in almost 
at once, the center dries, the crust forms and rapidly grows outward 
until it covers the entire pustule, falls off (if not disturbed) on the 
fourteenth to the twenty-fifth day, leaving a reddish scar which in 
the course of a month or two becomes white and finally leaves a pitted 
mark. 

The reddish areola, widening during the development of the pock 
and often extending several centimeters beyond it, is one of the most pro- 
nounced features of vaccination, and when several such areas develop 
around three or four sites of inoculation on the same arm, for example, 
their confluence is apt to be mistaken for erysipelas. But their outlines 
are much less well defined than those of erysipelatous lesions. 

Slight variations from the normal course of vaccinia may sometimes 
be observed, especially in healthy young children during the hot sum- 
mer months, or in winter in a heated room, when the pocks develop more 
rapidly; or in under-nourished children, when apt to develop more 
slowly. The incubation period may also vary in different pocks on the 
same individual, some developing more slowly than others. Certain 
authors have noted a compensatory process in such cases, the slow-grow- 
ing efflorescences making up by going through the different stages more 
rapidly, the areola appearing at about the same time in all, and only 
the papules of the slower ones something lagging. A cachectic reaction 
is also described as sometimes occurring in anemic children, the areola 
being indistinct, signs of the same not appearing until the tenth or 
twelfth day. The papule, however, develops normally. Fever is cor- 
respondingly slight or altogether absent. 

The subjective symptoms comprise intense itching which begins on 
the third or fourth day after inoculation and is accompanied by more 
or less severe pain in the arm and perhaps in the axilla, and is again 
followed by itching during the process of healing. Sometimes on the 
third or fourth day after the incubation period there is a slight rise in 
the evening temperature, but as a rule the temperature rises irregu- 
larly, reaching its maximum, 101°-104° F. (38.3° to 40° C.), on the 
eighth day. The pulse, corresponding to the temperature, is more or 
less rapid, and there may also be general malaise, loss of appetite and 
of sleep. Adults often complain of headache, languor and sometimes 
nausea; in children there may be more or less delirium. 

Albuminuria during the course of vaccination is very rare, and is 
then eminently a febrile manifestation. Nephritis is not known. 

Among the anomalies of vaccinia, due to the inoculation of the 
vaccine virus elsewhere than at the intended site, are polymorpho- 
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postvaccinal exanthem and the eruption—accessory pocks, generalized 
vaccinia—due to transmission by direct transfer or by way of the blood 
and the lymphatics (auto-inoculation), and accidental inoculation by 
transfer of the virus, from the individual vaccinated to a second person. 

The postvaccinal exanthem is an urticarial, morbilliform or roseola- 
like rash, the most pronounced feature of which is violent itching. It 
appears about the seventh to the fourteenth day after vaccination, begin- 
ning on the face, and extending downward to the trunk and the extremi- 
ties. It can be differentiated from rubella by the absence of swelling of 
the cervical glands, and from measles by the absence of Koplik’s spots 
and symptoms of coryza. Jochman attributes this to anaphylactic re- 
action, since two of the twelve children in whom he observed it were 
immune, the vaccination failing to take. 

Accessory or secondary pocks by auto-inoculation may arise around 
the site of vaccination or in any other part of the body. Some authori- 
ties claim that they are due to transmission of the virus through 
the lymphatics, since they usually develop at a time when the pri- 
mary vesicles begin to fill with lymph. The pocks usually abort, 
rarely progressing beyond the papular stage. This is explained by the 
fact that the patient has already developed a partial immunity which, 
as it becomes complete, prevents the full development of the pocks. In 
most instances, however, the secondary inoculation is an accidental one 
through direct transference of the virus by means of the fingers or 
through the careless use of towels which have come in contact with the 
vaccination pustule. Not only can the vaccinated person inoculate him- 
self in this way, but he may also affect another individual. Conjunc- 
tival and also nasal vaccination result from such accidental transference 
of the virus. Such pustules arising on the eye should be treated with the 
mildest sort of solutions. They generally heal without leaving any 
effects, although serious eye trouble may follow. 

Indications for Vaccination.—The best time for a primary vaccina- 
tion is early infancy—between the fourth and the sixth month—when 
both the local and constitutional reactions are apt to be less severe and 
there is also less danger of secondary infection. The only contra-indi- 
cation to early vaccination is, of course, the state of the child’s health. 
If the child is delicate or under-nourished, owing to improper assimila- 
tion, or in the presence of an eczema or of syphilis, it is better to postpone 
the operation until the condition is improved. In case of exposure 
or during an epidemic it is justifiable to vaccinate a child at any time, 
taking a chance with the contra-indications as the lesser of two evils. 

Technic of Vaccination.—The technic of vaccination is a matter of 
choice. Some governments require four inoculations; some physicians 
make three and others only one, selecting either the arm or the leg for 
the purpose. It is our practice to choose the outer surface of the left 
arm just below the insertion of the deltoid muscle; sometimes, 
if desired in females, the leg below the knee may be chosen. After thor- 
oughly cleansing the chosen site with soap and water, followed by alcohol, 
the site is allowed to dry. The virus is then dropped on the cleansed 
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area, which is then scarified with a blunt lancet, needle or any of the 
special instruments devised for the purpose. Three or four parallel 
abrasions 3/16 inch (4.6 mm.) long are made, penetrating the skin 
just enough to show serum but not to cause bleeding, the virus all the 
while being rubbed in cautiously so as to prevent the escape of serum 
or blood. A temporary shield is applied only for the purpose of pre- 
venting infection or rubbing off the vaccine by the clothing. It should 
by all means be removed after twenty-four hours, as its further use would 
be harmful. The shield is easily made of a circular piece of cardboard, 
somewhat larger than the inoculated area, slit to the center at one 
point, turned into a cone and fastened with adhesive plaster. The only 
other local treatment, except in the event of secondary infection, is paint- 
ing the site twice daily, beginning two days after the operation, with 
a solution of iodin, 1 part; picric acid, 4 parts; and alcohol, 95 parts. 
This lessens the chance of outside infection, cuts short the acute stage 
of the process and in no manner interferes with its efficacy. 

At the present time the manufacture of vaccine lymph is carefully 
carried out and there is no danger of contamination. This does not lessen 
but rather increases the responsibility of the physician, since with a 
lymph of known reliability any accident is directly due to faulty technic; 
that is to say, lack of proper cleanliness of his hands, sterilization of 
instruments and dressings. Nor does his duty end with the operation. 
The patient should be kept under observation for indications of pos- 
sible secondary infection. 

Vaccination is without doubt one of the greatest blessings that med- 
ical science has given mankind; but there is still considerable opposition 
to the method, and it is the duty of the medical profession to do nothing 
that will discredit it in the eyes of the public. 

Revaccination.—The protection afforded by a primary vaccination, 
although it is never entirely nullified, gradually diminishes, so that it 
is desirable to revaccinate children at the age of seven to ten years and 
at adolescence, and during adult life as occasion arises through exposure 
to the risk of contagion, or as a preventive measure during an epidemic. 
There are no contra-indications to vaccination during an epidemic or 
after a known exposure to small-pox. In the interest of public health 
vaccination, if it is not already compulsory, should be insisted upon at 
every such occasion. If this were practiced everywhere variola would 
soon disappear from the face of the earth. 

The course of revaccination often deviates from that of a primary 
inoculation. On about the second day there is local reddening and irri- 
tability; the papules appear on the.third or fourth day and may or 
may not develop into vesicles and pustules. Very often revaccination 
fails altogether; in such instances it is advisable to repeat the inocu- 
lation with a different virus, if possible, before definitely concluding 
that the subject is insusceptible. 

Complications and Association with Other Diseases.—Vaccination, 
though it generally runs a perfectly normal and benign course, may be 
associated with complications, the most important of which are tetanus 
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and erysipelas. Neither of these, however, is peculiar to vaccination, 
since either may result from infection from any skin lesion. And in so 
far as carelessness in the operation and possible abrasions of the skin 
lesions of vaccinia—especially in a weakened individual—offer convenient 
portals of entry for all kinds of bacteria, it might be said that vaccinia 
may be associated with any of the various types of infection. Some anti- 
vaccinationists claim that syphilis, tuberculosis and leprosy may be ac- 
quired through inoculation with the vaccine virus. The use of gly- 
cerinated calf lymph should in all instances absolutely prevent any such 
occurrence, since experiments show that neither the tubercle bacillus 
nor the streptococcus of erysipelas are able to survive prolonged ex- 
posure to the action of 50 per cent. solution of glycerin in water; and, 
furthermore, the calf does not acquire either syphilis or leprosy. 

The normal course of vaccination may also be complicated by an 
intercurrent acute infection, such as measles, scarlet fever, whooping- 
cough, varicella, influenza, without, however, affecting either the vac- 
cinia or the superadded infection. The one exception to this ruling may 
possibly be diphtheria, where prognosis is sometimes unfavorably affected 
when it accompanies vaccinia. 

As to the question of vaccinating a patient already suffering from 
one of the acute infections, it is our feeling that these patients have all 
they can do to throw off the illness from which they are suffering and 
that if at all possible vaccination should be postponed until recovery 
has taken place. This is particularly true of scarlatina, where the skin 
is already devitalized and the air of a scarlet fever ward is charged 
with organisms—especially streptococci. Under these conditions sec- 
ondary infection is lable to occur. We believe that nothing should be 
done that may prejudice the public against so eminently a beneficent 
procedure as vaccination and, we repeat, unless absolutely imperative it 
should not be done under adverse conditions. 

Treatment.—Little is required in the way of general treatment of 
vaccination, except during the febrile stage, especially in young children, 
when rest in bed, light diet and attention to the bowels are indicated. 
A fever mixture may be given, if necessary, but ordinarily little more 
will be needed. Any marked constitutional symptoms should suggest 
secondary infection, the treatment. of which is the same as for any wound 
infection after abrasions or other injuries to the skin. 

Historical Summary.—The precursors of Jenner’s protective pro- 
phylaxis against variola date back to ancient and medieval times. The 
observation, that individuals who had recovered from small-pox never 
suffered a second attack, led to the supposition that the artificial pro- 
duction of a mild form of the disease (variolation) might have the same 
result. The most primitive type of such variolation is that practiced 
by the Chinese, who mixed the crusts of variola pustules with musk, 
wrapped them in cotton, and after they had been kept for years and 
treated with vapors of all kinds and with medicinal herbs in order to 
attenuate their virulence, were inserted into the nostril of the person 
to be protected. It was also customary for the individual to don a shirt 
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which had been smeared on its inner surface with the pus of the variola 
pustules. 

Somewhat more logical was the Brahmin manner of variolation prac- 
ticed in India. This consisted in introducing the material from a variola 
sore into the skin on the upper arm by means of a needle, making fifteen 
or sixteen scarifications and covering the scarified area with a tuft of 
eotton which had been dipped in variola material, and sprinkling it with 
holy water from the Ganges River. The pock material used was always 
at least one year old and was taken from an inoculated individual, not 
from a case of spontaneous small-pox. The patient was obliged to re- 
main in the open air and to avoid intercourse with his fellowmen, and to 
restrict his diet to fruits, rice and light food. 

Needle puncture was also the method used in other oriental coun- 
tries—Persia, Armenia, Circassia, Georgia, ete. The Circassians and 
Georgians, in order to make sure of results, used three needles tied to- 
gether and pricked the body in several different places when introducing 
the variolous material. In all these countries the practice was called 
‘‘buying the small-pox,’’ the origin of which is supposed to be the cus- 
tom of giving the child to be inoculated a few raisins, dates or sweets to 
carry in his hand and, showing them to the child from whom the material 
is to be taken, asking how many pocks he will give in exchange for the 
sweetmeats. This practice spread among the common people along the 
coast of Africa and even passed over into European countries, Italy, 
France, Germany, Sweden, Denmark and South Wales. 

The first accounts of the oriental mode of variolation came to Europe 
through the writings of a Greek physician, Timoni. This consisted in 
inoculating the fluid contents of variola vesicles into the arm of the 
recipient through a needle puncture which produced a mild form of the 
disease with pustules scattered over the body. The impulse to the use 
of the method was given by Lady Wortley Montagu, the wife of the 
English Ambassador to Constantinople, who, in letters to friends, en- 
thusiastically described the procedure and advocated its use after her 
two children had been successfully treated. This mode of variolation, 
however, fell far short of the ideal one, for it not only produced the 
disease with most of its serious features, but also provided a means of 
spreading contagion which not infrequently proved to be the starting 
point of an epidemic. 

It was reserved for Edward Jenner, a simple country doctor, to 
present to a waiting world the ideal prophylaxis against small-pox, which 
represents one of the signal triumphs of preventive medicine, the benefits 
of which it is impossible to over-estimate. 

For a long time it was a well-known fact that cow-pox, formerly much 
more common during pandemics of variola than at present, was trans- 
ferable not only from one animal to another but also to man. Dairy 
hands became infected from the udders of cows through slight abrasions 
or excoriations on the skin of the hands, where they developed small 
vesicles which, after progressing into pustules, dried up. Similar lesions 
arose at other sites on the body, but only if transferred from the original 
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one by means of the fingers. The disease, however, was purely a local 
one unaccompanied by any general exanthem. 

Long before Jenner’s time it had been generally observed that per- 
sons recovered from cow-pox were subsequently immune to true variola. 
Jenner, the son of an English clergyman in Berkeley, England, while 
a student of medicine in 1768, overheard a milkmaid say that she could 
not get small-pox because she had had cow-pox. The remark made a 
deep impression on the young student, who from that time continually 
occupied himself with the relationship of cow-pox and variola. During 
a period of over twenty years Jenner collected and correlated all existing 
observations and experiments on prophylaxis of smal]-pox and, by means 
of personal experiments, endeavored to solve the question. He began by 
inoculating sixteen individuals, who at a more or less remote period had 
had cow-pox, with the lymph from genuine variola, and in all cases he 
failed to obtain variolation—the inoculated individuals all being immune. 
Ifis next step was a decisive one and entirely original in the annals of 
medicine. On May 14, 1796, Jenner inoculated an eight-year-old boy, 
named James Phipps, with the lymph of cow-pox taken from the hand 
of a milk-maid, Sarah Nelmes, thus establishing the first instance of in- 
oculation with human lymph. The result was typical cow-pox in the 
boy. Jenner then resorted to the crucial test of inoculating the same 
boy with the lymph of genuine variola, which, according to his expec- 
tations, proved negative, i.e., variola did not develop. The first test, made 
on July 1, 1796, was followed a few months Jater by a second one, with 
a similar negative result. Ile was thus enabled to demonstrate for the 
first time that the lymph of cow-pox is transferable not only from the 
cow to man, but also from man to man, and that the transference of 
humanized vaccine confers the same protection against variola as the 
natural lymph of cow-pox. It was not, however, until after repeated suc- 
cessful experiments that Jenner finally, in 1798, published the results of 
his epoch-making discovery. The benefits of vaccination have since 
accrued to mankind everywhere, for vaccination is practiced to-day in 
virtually all civilized communities, and, in most, localities where it is 
not compulsory, it is at least a prerequisite for admission to schools, in- 
stitutions and to some business houses. 

Vaccination was introduced into the United States during the year 
1800. In July of that year Dr. Benjamin Waterhouse, Professor of 
Physies at Harvard University, vaccinated his own children, and at 
about the same time Dr. John Redman Coxe, of Philadelphia, vaccinated 
his oldest son, and in order to test the experiment boldly exposed him 
to small-pox contagion. The exhibition of the child’s total immunity 
did much to establish confidence in Jenner’s method and to introduce 
it throughout the country. 

That Jenner and his supporters should have been subjected to much 
unpleasant criticism and opposition is not surprising, but that there 
should still be those who systematically oppose the practice seems incredi- 
ble in this twentieth century, when the boon of this discovery has become 
apparent in the waning and in the possibility of the ultimate eradica- 
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tion of variola from the arena of medicine, though unfortunately it is 
too true. Councilman has well described this peculiar type of indi- 
vidual who makes up the antivaccinist: ‘‘Small-pox can, but probably 
never will be wholly eradicated. The chief obstacle which stands in 
the way of its eradication is an inability to recognize facts, and to make 
the proper deductions from them, which seems to be associated with 
certain orders of mind. The facts with regard to the production of 
small-pox immunity by vaccinia are perfectly established. The order 
of mind which leads to their denial will probably never disappear from 
the human race.’’ 
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Definition.— Varicella or chicken-pox is a highly communicable, mildly 
acute, exanthematous disease, characterized by a long incubation period, 
feverishness and a vesicular eruption appearing in crops and drying up 
in a few days with or without leaving pitted marks. 

Etiology.—The disease is disseminated over the entire world, is en- 
demic in large cities, epidemic at times, but generally considered to be 
more prevalent in the autumn months. It is eminently a disorder of 
childhood with no discrimination with regard to race, and little, if any, 
as to sex. Adults, however, are not entirely immune, aS many aS six 
per cent. in a series are reported to occur after puberty. We have ob- 
served it in a man 64 years of age; others report their oldest case at the 
fiftieth vear. It is rarely seen before the sixth month after birth, al- 
though instances are recorded of new-born infants developing varicella 
as early as the eleventh to the fourteenth day, having been infected 
from the mother. The period of greatest susceptibility occurs between 
the fourth and the tenth year of life. 

The virus of varicella is not known, nor is the mode of communication 
definitely established. Experience indicates that it can be transmitted 
by a third party and also by aérial convection. Indeed, we find that 
it is the one disease that can be communicated from ward to ward in a 
hospital and even from building to building, in spite of the most pains- 
taking efforts to prevent its spread. It is transferable from the moment 
of onset of an attack, but unlike the virus of variola, the varicella virus 
is short-lived, so that infection by fomites is more or less doubtful. 

Tyzzer, in a study of the histology of the skin lesions of varicella, 
observed certain inclusion bodies in the eell-nuclei and the cytoplasm, 
which he was inclined to think specific, but failure to produce new lesions 
by inoculation with the bodies forced him to conclude that they were 
not parasitic. Keyssellitz and Mayer also observed similar bodies which 
they believed analogous to cytoryctes, and, although non-parasitic, con- 
tained the infective virus. 
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Symptomatology.—The varicella eruption usually appears on the 
fourteenth day after exposure to the disease, but it has been known to 
develop as early as the eleventh day. In our experience the incubation 
period has been prolonged to the twenty-second day, while some au- 
thorities report an incubation period of thirty days after a known contact. 

Prodromal symptoms are often entirely wanting and when present are 
slight, the eruption (especially among private patients) being generally 
the first sign of the disease. Observations in the scarlet fever and diph- 
theria wards of a fever hospital usually show that more or less fever pre- 
cedes the eruption by several hours or even a day or two. The tempera- 
ture may go as high as 104°-105° F. (40°-40.6° C.) and may be ac- 
companied by depression, languor, loss of appetite and nocturnal rest- 
lessness. Exceptionally the early symptoms are more aggressive, extend- 
ing over a period of four or five days, accompanied by malaise, backache, 
abdominal pain, vomiting, epistaxis. But marked symptoms do not 
presage a severe attack and vice versa. In the adult the prodromal symp- 
toms are apt to be severe and prolonged, quite often simulating those of 
variola and confusing the diagnosis. 

Some authors describe an urticarial, a morbilliform or a scarlatini- 
form rash. Our experience is confined entirely to the searlatinal pro- 
dromal rash. The eruption is apt to be punctate, often so closely re- 
sembling that of true scarlet fever as to send the patient to the scarlet 
fever ward, only to have the varicella eruption develop a few hours later. 
Other cases suggest a scarlatino-varicella infection and prove to be vari- 
cella. The rash produces no general symptoms although, according to 
some writers, it is accompanied by burning sensations, headache, dizzi- 
ness, joint pains and slight difficulty in swallowing. It generally dis- 
appears in about twenty-four hours. 

The eruption usually begins on the covered parts of the body, the 
back, sometimes the scalp, and spreads to the face, the rest of the trunk, 
and the extremities, preferably their proximal portions; not infrequently 
it also attacks the mucous membrane of the mouth, the pharynx, the 
larynx and that of the genitalia. 

At first the efflorescences appear as small pink spots which soon be- 
come papular and vesicular; but often they abort and never develop be- 
yond the first or second stage. The eruption appears in successive crops, 
so that efflorescences can be observed at the same time in all stages of 
development from the macular to the desiccating scab stage. The vesicles 
are thin-roofed and rupture easily on pressure. They may vary in num- 
ber from ten to several hundred or thousand; in size they may range 
from that of a pin-head to a diameter of 10 mm., the average being that 
of a pea; pemphigus-like sores as large as a silver dollar have also been 
observed. The vesicles at first contain a clear fluid which becomes pearly 
and turbid just before they begin to dry up. Sometimes an irregu- 
lar reddish areola develops around the base of the vesicles, giving them 
the appearance of variola lesions. Very often, especially in under- 
nourished children, the vesicular contents becomes purulent, secondary 
infection of which may lead to ulceration persisting for several weeks, 
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The eruption runs a mild course, the vesicles beginning to dry up in 
a day or two. But owing to the fact that they develop in crops, the 
desiccation process is generally prolonged over five or six days; in fact, 
two to three weeks is often required for the completion of the entire 
process. The crusts that form are shed and leave a reddish-brown stain, 
or in some instances a tiny umbilication from destruction of the true 
skin. 

Even in the mildest sort of case the varicella eruption may attack 
the mucous membrane of the mouth, the hard palate, the tongue, the 
gums, as well as the tonsils and the pharynx, and also the external geni- 
talia. Asa rule, the only discomfort caused by the spots in the mouth and 
throat is a little difficulty in swallowing or in masticating. Inflamma- 
tory infiltration, however, may lead to secondary stomatitis, burning sen- 
sation in the throat, tonsillitis with general symptoms ineluding orchitis 
(in the male). Perforation of the soft palate from an ulcerating varicella 
lesion has been reported. Occasionally the eruption involves the larynx 
and gives rise to croup-like symptoms (croupous varicella) which may 
require intubation or tracheotomy. When inspection of the larynx 
is not possible in such cases and diphtheria cannot be definitely excluded, 
it is well to be on the safe side and administer diphtheria antitoxin. 

The temperature even when it has been high during the period of 
invasion generally falls to the normal in the course of one to three days. 
In rare instances fever may persist five or six days, and in small children 
may be marked and accompanied by a very profuse eruption. Secondary 
infection of varicella lesions may prolong the febrile period for two or 
three weeks. 

After the eruption is well established there are practically no consti- 
tutional symptoms except perhaps itching, caused by contact of the skin 
with the clothing. 

Diagnosis.—The diagnosis of the typical case of varicella presents 
little difficulty. The long incubation period, the absence or mildness of 
the prodromal symptoms, the appearance of the eruption in crops and the 
moderate fever are the common features of the disorder. In certain 
instances, however, it is difficult, if not impossible, to differentiate. 

DIFFERENTIAL D1aGNnosis.— Variola.—The one condition of importance 
with which border-line cases may be confused is variola, especially in 
its milder form or when modified by more or less remote vaccination 
and when occurring in the adult. The importance of arriving at a posi- 
tive diagnosis is readily apparent. Failure to do so may result disas- 
trously to the community in general and to the attending physician in 
particular. A history and evidence of successful vaccination in a child, 
and vaccination within a period of six or seven years in the adult would 
ordinarily speak in favor of varicella. In the absence of such a history 
it should be remembered that variola is generally preceded by a three 
days’ prodromal stage accompanied by high fever and severe backache, 
and that the eruption begins, preferably, on the exposed surfaces, the 
face, the arms, the back, the lower extremities, especially the distal por- 


tions. It is also generally more abundant on the shoulders than over 
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the loins and more profuse on the chest than on the abdomen, while the 
varicella eruption shows no such constant differences. In variola the 
density of the eruption increases from above downward (centrifugal 
distribution), while the density of the varicella rash increases from below 
upward (centripetal distribution). The lesions of variola lie deep among 
the epidermal cells, while the lesions of varicella are superficial. The 
variola lesions at first present firm papules which increase slowly in size 
and develop into vesicles and pustules. They are circular in outline, 
while the varicella lesions are oval, jagged and irregular, are never 
actually indented and are soft and velvety to the touch. The variola 
lesions, on the other hand, are frequently indented and are tense and 
firm. 

Impetigo—lIn the desiccating stage the differentiation between a- 
petigo and varicella may have to be made. Usually the presence of 
varicella lesions in the vesicular stage settles the doubt. The pustules 
and crusts of impetigo are usually more profuse on the face than else- 
where, while the lesions of varicella, even if profuse on the face, are 
oval in outline. However, it may happen that all the lesions have de- 
veloped beyond the vesicular stage and owing to the crusts having formed 
and reformed several times they will have lost their oval shape. In such 
instances differentiation would be almost impossible and it is well to 
entertain the suspicion of impetigo and isolate the patient. 

Pemphigus.—Early pemphigus where the bulle are small may possibly 
be mistaken for varicella, but, as a rule, the large sores appear promptly 
and clinch the diagnosis. 

Complications.—In so benign a disorder as varicella, complications 
are not likely to occur, although they are not excluded. When they do 
take place they are generally associated with the skin lesions, any abra- 
sions of which present favorable avenues for the entrance of all kinds of 
bacteria—pyogenic and others. The most important of such complica- 
tions is erysipelas, which may develop about the efflorescences—especially 
the deep-seated ones—and may be so severe as to cause death. In neg- 
lected cases especially, an impetigous inflammation on the scalp may 
result from scratching a vesicle and, owing to the want of cleanliness, 
lead to local eczema. Jn rare cases a gangrenous dermatitis—often con- 
sidered a variety of the disease but in reality a complication—may result 
from ulceration of infected vesicles, especially those at or near the ex- 
ternal genitalia. 

A varicella vesicle on the eyelid may lead to severe conjunctivitis, but 
usually it provokes only a marked edema. Very occasionally the erup- 
tion involves the cornea, producing ulceration and opacity, or more 
deep-seated lesions, may result in panophthalmia and destruction of 
the eye. 

Simple and suppurative adenitis have been reported while nephritis, 
though not common, is a sufficiently frequent complication of varicella 
to warrant careful management to prevent its occurrence. It may com- 
plicate the mild as well as the more serious cases, and usually appears 
on the eighth to the fourteenth day of the disease. In pronounced cases 
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the nephritis may be associated with fever, albuminuria and all the severe 
manifestations of true scarlatinal nephritis. The prognosis, however, is 
favorable, as it usually subsides in about two weeks’ time and leaves no 
permanent effects. Arthritis, synovitis, disturbances of the central ner- 
vous system—myelitis, encephalitis, otitis media—are sometimes men- 
tioned as complicating varicella, but they are exceptional. Gastro-in- 
testinal disorders—particularly appendicitis—are also reported as com- 
plicating the disease, but by the majority of the profession they are 
regarded as incidental phenomena. 

Pulmonary complications—bronchitis, bronchopneumonia—occasion- 
ally develop during an attack of varicella, especially when it enters as a 
eross-infection in whooping-cough or measles. 

Sequele.—It is only natural that a benign disease that presents few 
complications should be equally devoid of sequele. Jochmann men- 
tions the influence of varicella in arousing latent tubercular conditions, 
especially of the glands or the lungs, and the possibility of the develop- 
ment of miliary tuberculosis. But such instances are as rare as any 
other sequele of varicella. 

There is an impression that the varicella patient shows a particular 
susceptibility to scarlet fever, due, no doubt, to the possibility of an 
abraded varicella vesicle as the avenue for the scarlatinal infection. On 
the other hand, the presence of any of the infectious diseases, such as 
scarlatina, measles, whooping-cough and others, does not affect the sus- 
ceptibility to varicella, but the weakened condition of the patient may 
influence the course of the superadded disease and lead to suppuration 
and ulcerative degeneration of the varicella efflorescences. 

Association with Other Diseases——A question that has of late been 
receiving considerable attention is the relationship between varicella and 
herpes zoster. The association of the two diseases was first pointed out 
by Bokaéy in 1892, who, several years later, reported nine observations. 
Le Feuvre, in 1914, had collected thirty-eight reports, including several 
personal observations, many concerning several instances seen by one and 
the same author. Other observations have been recorded from time to 
time, among them the 3 cases recently reported by Goldberg and Francis, 
and 3 by Low, the total number being now well over 50 (Low). In the 
majority the varicella eruption develops without any other demonstrable 
source of contagion than an existing case of herpes zoster; in others the 
herpes follows after the varicella, the latter infecting contacts after the 
usual incubation period; and in some few the herpes is followed in the 
same individual by a varicella eruption. For this aberrant eruption (of 
herpes) Le Feuvre suggests the name varicella herpetica. Low is strongly 
inclined to the conclusion that the two diseases are due to the same virus, 
which may belong to the ultramicroscopic filterable group of organisms. 
He suggests that in herpes, infection is probably local through the nose, 
that is, the lymphatics around the olfactory nerves, similar to that of 
epidemic poliomyelitis, with which it has many points of analogy. The 
virus after reaching the meninges and the cerebrospinal fluid easily gets 
to the ganglia of the sensory nerve trunks. In varicella there is a blood 
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infection with the virus, and in those cases which simultaneously present 
the two eruptions, the virus probably first attacks the ganglia and then, 
three or four days later, gets into the blood and produces a general 
eruption. 

The question of immunity is interesting in this connection. One at- 
tack of varicella conveys immunity for life, second-attacks being most 
unusual, if at all possible. If herpes zoster and varicella are due to the 
same infectious agent it would be reasonable to suppose that an attack 
of one disease would provide immunity against the other. According to 
Low, however, it appears that herpes zoster protects against varicella, 
but varicella does not protect against herpes. Adults that have had 
varicella in childhood develop herpes, but he finds no instance of a 
ease of herpes which developed varicella later on, and in no case of 
herpes associated with a generalized varicella eruption was there a his- 
tory of a previous attack of varicella. 

Clinical Varieties.—The clinical varieties of varicella, like the com- 
plications, also concern variations in the skin lesions. In addition to 
gangrenous dermatitis (already mentioned) the eruption may be con- 
fluent, and hemorrhagic. Confluent varicella is rare. The lesions may be 
multilocular, and the skin edematous, and fever may supervene if pus- 
tulation takes place. The hemorrhagic type is also not common. Hemor- 
rhage, either purpuric or petechial, may take place into the skin and 
subcutaneous tissues, or the efflorescences may become hemorrhagic, with 
discoloration of the skin due to extravasated blood; hemorrhage may 
also take place from the affected membranes. Hematuria has also been 
noted. 

Treatment.—PrRoPHYLAXIS.—Isolation of the patient is neither im- 
perative nor really practical. The disease is a benign one and is not 
worth the inconvenience which, owing to its highly communicable char- 
acter even in its earliest stage, would be required to make quarantine 
effective. Contacts need not be detained for more tnan three weeks; 
infection so rarely occurs later, that-longer detention is unjustifiable. 
To prevent unnecessary loss of time at school contacts may be permitted 
to attend school for ten days following the first exposure. They should 
then be kept at home until there seems no danger of developing the 
disease. Prophylactic vaccination has been attempted with varying de- 
grees of success by Kling, Handrick, Rabinoff, Rutelli, Hess and others. 
Kling (in the service of Medin of Stockholm), although not the first to 
make the attempt, was the first to report results in a considerable num- 
ber of cases. During an epidemic (1913) in an orphan asylum he in- 
oculated 58 children with lymph from a clear varicella vesicle collected 
on a lancet and rubbed into a scarified area on the arm; only 1 of the 
children developed chicken-pox; 31 showed lesions at the site of inocu- 
lation, consisting of red papules which rapidly developed into typical 
vesicles and dried up in two or three days; 6 children developed papules 
with occasional vesicles. Of 64 children that were not vaccinated 44 
developed varicella. 

Rutelli as well as Rabinoff report similar success. The latter ob- 
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served an incidence of 6 to 8 per cent. among vaccinated, against 75 per 
eent. among unvaccinated children, inmates of an orphan asylum and all 
subject to the same conditions of exposure. She furthermore noted that 
in those that developed the disease although its course was not affected 
by the inoculation, the incubation period was shorter than usual and 
that, contrary to previous experiences in eight other epidemics, no second 
outbreak of the disease took place. Handrick, on the other hand, ob- 
served the disease develop in 35 per cent. of 127 children inoculated, so 
that he is inclined to doubt the value of the method. In only 3 instances 
did he obtain a local reaction at the site of inoculation which, however, 
did not prevent the development of a generalized eruption. 

Kling makes his imoculation through a small puncture, Rabinoff 
makes several small searifications. Handrick used both Kling’s method 
as well as the method of von Pirquet in giving the tuberculin test. Ru- 
telli made the inoculation on a scarified area on the abdomen and ob- 
tained marked local reaction in all the 15 cases, one infant developing a 
small abscess on the twentieth day. Hess, on the other hand, finds these 
simpler methods less satisfactory than the intravenous injection of a so- 
lution of the fluid from a varicella vesicle in normal saline. Of 38 chil- 
dren thus immunized only one developed the disease and that 36 days 
after the injection. No general reaction is reported by any of the 
authors. 

GENERAL MANAGEMENT.—Very little is required in the treatment of 
varicella except rest in bed until the lesions are well past the acute stage. 
In the presence of fever the diet should be light and, if necessary, a 
fever mixture may be prescribed. 

The general treatment of varicella is purely symptomatic. The pa- 
tient should be kept in bed until the crusts have fully formed and until 
the temperature has been normal for several days and examination of 
the urine proves it to be negative. The only real danger of varicella is 
secondary infection through the lesions. To avoid this, cleanliness is 
important. The patient’s hands, especially the finger-nails, must be kept 
clean and the latter closely trimmed, and should be tied in padded mit- 
tens or stockings. It may at times be necessary to prevent scratching by 
restraining the arms and legs. Itching can be controlled by means of 
tepid baths or by sponging with alcohol well diluted with water or vine- 
gar water, three parts to one, followed by a dusting powder consisting 
of the following: 


Mentos: 5 caccadeacep 4 eee sown wows 5ss( 2 grams) 
ZAUCISOXIGN, d-0. cis once aeenwsia eas eas 5 1 ( 4 grams) 
Puly; amyl) gcetiocv se eee ares 5 1 (32 grams) 
PAlCl nak2u een sew aeeeseeor et ous 5 1 (32 grams) 


Should secondary infection occur the usual local and constitutional 
treatment must be instituted. Thick infected scabs or crusts should be 
softened and removed by applications of olive oil or poultices. 
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For the resulting ulcer an ointment of ammoniated mercury 
may be employed, or better still, an evaporating lotion as follows: 


Pulv. calamine ..........0...008- 3 ii ( 8 grams) 
Zine OX8I01. 25.i5 5 heater iataanies % ss (16 grams) 
GIVCOPME. 66686 si ined searctaueke % i (32 grams) 
Liquor caleis ................66- f 3 ii (60 ec.) 
AGUS TOSH: 644-4dc0kerdatetGgacines f % viii (240 cc.) 


Gangrenous dermatitis should be treated by supportive measures, 
such as fresh air and liberal feeding; tonics, cod-liver oil and malt, and 
stimulants may also be required. For the local treatment of the gangre- 
nous skin lesions we advise that only the blandest kind of solution be 
used ; strong solutions we believe are contra-indicated. 

The mouth lesions are treated by any of the bland mouth washes. 
Uleerations will require suitable treatment, such as recommended for 
ulcerative mouth conditions of scarlet fever. 

Special attention should be paid to general cleanliness. The bed- 
clothing and underwear should be changed frequently. The patient 
should be given a daily sponge bath, and particular care taken to keep- 
ing all lesions, especially those on the external genitalia, clean. 

MANAGEMENT OF CONVALESCENCE.—The patient may be considered 
cured when the separation of the scabs is complete. In the average case, 
where there is no secondary infection, about three weeks’ time will be 
required for the process. Any crusts that have reformed need not be 
considered infectious. In such instances it is necessary only to remove 
the crusts and carefully cleanse the resulting ulcer, by touching it up 
with a reliable antiseptic solution. 

Prognosis.—The prognosis of varicella is altogether favorable and 
is not affected by complications such as nephritis, laryngitis or secondary 
pyogenic infection, should they occur. The bright outlook is marred 
only when the varicella appears as a superadded infection in a patient 
already weakened by previous disease—whooping-cough, measles, scarla- 
tina, diphtheria. In such circumstances the varicella is apt to develop 
seriously and the resulting sepsis may lead to gangrenous dermatitis, 
pulmonary disease, etc., which often threaten life, and in about five per 
cent. of cases of such cross-infections are the actual cause of death. 

Pathology.—The pathology of varicella is practically limited to the 
skin lesions. Unna has described the conical lesions as having a tent- 
hike form with lateral walls rising obliquely from a broad base towards 
the center of the covering composed of a few horny stretched scales. 
From this covering cellular septa radiate downwards, in contrast to the 
lesions of variola where the cellular partitions radiate from a central 
point on the floor of the lesion. In varicella the cavity proper is limited 
below by the deeper strata of the prickle layer which shows pathological 
changes. In the center the cavity extends deeper to the level of the 
swollen and enlarged papille which are covered with one or two layers 
of modified epithelium and project into the cavity. The acute character 
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of the eruption in varicella is evidenced by the comparatively slight 
septate cavities due to the rapid distention of a few liquefied cells. The 
rapid formation of the vesicles which are unilocular, accounts for their 
thin roof and superficial position. 

The latter together with the absence of suppuration and the early 
repair of young epithelial cells explains the absence of general scarring 
after a varicella eruption. 

Historical Summary.—The first definite description of varicella is 
that given by Vidus Vidius (about 1626), who also gave it the designa- 
tion crystalli, or variole crystalline, or ravaglione, the term still re- 
tained by the Italians. It is supposed at that time to have been differ- 
entiated from variola, but the evidence is doubtful. Morton (1694), who 
refers to it as varicle admodum benigne, and his contemporaries re- 
garded it as a mild type of variola, a theory which prevailed until Fuller 
(1730) demonstrated the distinct character of the disease. This duality 
of the two diseases was generally accepted until toward the middle of the 
nineteenth century Hebra, one of the foremost dermatologists of his time, 
revived the ‘unity’ theory of varicella and variola. On account of his 
eminent position he found many adherents, and it was not until the 
virulent and widespread epidemic of variola during the vears 1871 to 
1874 that the question of the dual character of the two disorders was 
definitely settled and universally accepted. 
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Definition.— Scarlet fever is an acute, contagious, self-limited dis- 
ease characterized by sudden onset, a pharyngeal inflammation of vary- 
ing degrees of intensity, a diffuse scarlet eruption, and desquamation in 
scales, shreds or casts. 

Etiology.—The specific cause of scarlet fever is still a matter of con- 
jecture. But in every instance it is dependent upon infection, by con- 
tact or otherwise, from a preéxisting case of the disease. 

PREDISPOSING CAUSES.—Climate.—Scarlet fever occurs in all parts of 
the world, although zones of immunity are known to exist. According 
to Minor, to whom we are indebted for much of our information with 
regard to the distribution of scarlet fever, such zones are found for 
the most part near the tropics, where the high temperature combined 
with periods of great humidity are unfavorable to the development of a 
tendency to scarlet fever. In this country such a zone of comparative 
immunity is located between the 30° and 35° latitude North, compris- 
ing the states of South Carolina, Georgia, Alabama, Mississippi, Louisi- 
ana, Texas. In general epidemics, however, the disease occurs at all 
points within these zones. 

Season—Altitude.—The effects of seasonal influences vary in different 
regions. In the countries of Western Europe most epidemics occur dur- 
ing the autumn months, while in the United States the late winter and 
early spring months seem to be the favored ones. The same holds true 
with regard to the seasonal mortality statistics. Minor also points out 
that high altitudes are more favorable to the development of a scarlatinal 
tendency than low ones. 

Sex—Sex does not play a great part in the etiology of scarlet fever, 
although the male, especially after the tenth year of life, seems to be 
slightly more susceptible than the female sex. 

Age.—As to age, the tendency to scarlet fever is small at the ex- 
tremes of life. Infants are rarely affected and individuals after the sixth 
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decade are also generally immune, although scarlet fever among the 
aged is not unknown. The disease occurs preferably between the third 
and the tenth years, the curve reaching its apex at about the fifth year 
of life, with a gradual descent until the fifteenth year is reached and 
a decided decline after that. 

Race.—There seems to be a certain correspondence between the zones 
of comparative immunity to scarlet fever and the racial immunity to 
the disease. Negroes and dark-skinned races are decidedly less liable to 
it than the white race. In the United States this immunity is six times 
greater among the negro than among the white population, i.e., six times 
as many whites as negroes contract the disease. The death rate shows 
the same relative proportion between the two races. The number of 
return cases are also relatively less. 

Heredity.—There is no evidence of heredity in the incidence of scar- 
let fever, but there is no doubt of the existence of a personal disposition 
to it. In rare instances such a disposition takes on a familial character. 
Welch and Schamberg report two personal observations of family epi- 
demics and cite a number of instances from the literature. On the other 
hand, there is also a familial immunity to the disease. 

Individual Susceptibiliity—The individual susceptibility to scarlet 
fever, however, is not so general] as for some of the other infectious dis- 
eases—variola and measles, for example. The classic instance of the 
epidemic of scarlet fever, in 1872, on the Faroé Islands, where no case 
of the disease had been known for sixty years, presented a favorable 
opportunity for estimating the general susceptibility to scarlet fever. 
In this practically virgin soil for the disease 78 per cent. of all the 
population developed scarlet fever, while in the same islands, in 1875, 
during an epidemic of measles, 99 per cent. of the population were 
affected. 

Holt believes that not more than half the children exposed contract 
the disease. He quotes Billington’s observation among families occupy- 
ing tenements in New York, where little or no attempt was made to 
isolate the cases. Forty-three children were down with scarlet fever, 
while forty-six other children who had never had it and were constantly 
exposed to infection did not develop the disease. 

Social Conditions.—As to social conditions, scarlet fever is not a class 
disease except in so far as crowded, unsanitary living conditions and 
poverty affect the predisposition to disease in general. Since the popu- 
lation subjected to such unfavorable environment is largely composed 
of the immigrant class, it is not surprising to find a proportionately 
greater incidence among the newcomers than among the native-born popu- 
lation or among the more prosperous classes. 

The more intimate association of children housed in child-caring in- 
stitutions naturally creates a favorable atmosphere for epidemics which, 
however, should and can easily be limited to such institutions. 

Skin Lesions.—The réle of skin lesions, especially burns, in the eti- 
ology of scarlet fever is practically the same as that of trauma in surgi- 
cal and puerperal scarlet fever (see p. 254), where direct infection takes 
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place through the open wound. That the broken epidermis undoubtedly: 
serves as a favorable avenue for the invasion of the scarlatinal virus is 
amply demonstrated by the observation that the exanthem in such cases 
develops and spreads from the site of the wound. 

(The association of scarlet fever with other acute infections is dis- 
cussed on p. 251.) 

Exciting Cause.—Bacteriology: The Orgamsm.—tiIn spite of per- 
sistent and diligent research the specific incitor of scarlet fever bas not 
yet been found. Since a full discussion of these investigations is not 
in place in a work of this kind, we shall confine ourselves to compara- 
tively recent and more prominent studies of the question. With the 
discovery by Mallory (1904) of protozoon-like bodies in the skin layers 
of scarlet fever patients, it seemed as though the elusive agent was 
about to be definitely identified. Although the presence of these bodies 
was confirmed by many investigators, they did not prove specific. Dohle, 
in 1911, described certain bodies which he observed in the polymorpho- 
nuclear leukocytes of the blood from patients in the early stages of scarlet 
fever. These ‘‘inclusion bodies’’ he supposed to be in some way related 
to streptococcus infection. Their presence in the early stages is gen- 
erally admitted. Kolmer found them in 94 per cent. of cases examined, 
but he also observed that after the sixth day their number decreased 
and they finally disappeared. But their specificity is questionable, since 
they are also present in the early stage of diphtheria as well as in other 
acute infections, such as erysipelas, puerperal sepsis, pneumonia. 

The lack of animals suitable for experimentation has undoubtedly 
hampered the search for the scarlatinal organism. Up to the present 
time the monkey has been the only animal in which a disease resembling 
scarlatina has been obtained. Among the most recent experiments are 
those of Mair, who (1915) produced a scarlatiniform disease in the 
monkey from a diplococcus isolated from the throat of scarlet fever pa- 
tients. The typical rash failed to appear, but the inclusion bodies were 
present in the polymorphonuclear leukocytes. This Diplococcus scarla- 
tine was subsequently demonstrated by Mair in the first week of the 
disease in 87 per cent. (of 63 cases) of scarlet fever patients. The or- 
ganism disappears, as a rule, about the fifth week of convalescence. It 
is at about this time in the disease that the patient first ceases to be in- 
fectious. Like the mysterious scarlatinal organism, the diplococcus pro- 
duces profound toxemia which readily yields to the invasion of other 
cocci into the blood. There is as yet no evidence that the diplococcus 
enters the blood-stream in man to any appreciable extent; it appears to 
be confined to the region of primary invasion, 1.e., usually the throat. 
Another striking feature of this experimental scarlet fever is that it is 
complicated by rheumatism; nephritis, however, is not as yet known to 
accompany the disease in the monkey. The absence of the typical rash 
does not necessarily exclude the possibility of the diplococeus as the 
causative agent of scarlet fever. Mair believes that when the actual 
factor becomes known this criterion of scarlet fever will undergo a 
change, since there is undoubtedly a much greater percentage of cases 
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that fail to present the rash than is generally supposed. He also pre- 
sents an interesting observation with regard to mice as scarlet fever car- 
riers. When mice die as the result of being fed with cultures of 
the diplococci, or from the infection itself, the diplococcus is recovered 
from the blood. This applies also to wild mice, and may have an im- 
portant bearing on the epidemiology of the disease, should the diplococ- 
cus prove to be specifically scarlatinal. 

Mallory and Medlar (1916) have isolated a Gram-positive bacillus 
(Bacillus scarlatine) from the tissues of (two) patients dying of scarlet 
fever. This bacillus seems to be less virulent than the diphtheria bacillus 
but invades the same localities, and in severe cases may extend to the 
adjoining structures, especially the larynx, trachea and lungs. The toxin 
causes necrosis and destruction of the epithelial covering, thus leading to 
serous and polymorphonuclear exudates. The primary gross lesions are 
inconspicuous on account of the absence of fibrin and of membranous 
formation, except in cases of secondary streptococcie infection. In six 
instances, in smears from the tonsils and the soft palate, they obtained 
cultures of a bacillus whose morphology and staining reaction resembled 
that found postmortem in the tissues. After death, in severe uncompli- 
cated cases, they found this agent in large numbers in the lesions in 
the respiratory tract; but in the milder ones it seems to die out quickly 
and is not easily demonstrated on the second or third day after the 
eruption appears. It may, however, persist for several weeks in the 
ulcerations in the tonsils, pharynx, larynx, esophagus, bronchi, so that 
patients harboring it may become scarlet fever carriers. At the same 
time the authors point out that the study of immune reactions was not 
positive ; that the toxin could not be demonstrated from experiments with 
culture filtrates on human beings and on animals, although they believe 
‘‘that it is entirely possible that the organism in tissues and smears has 
not been obtained in culture, as so far there is nothing but morphology to 
aid in its isolation.’’ 

Pryer and Sewell (1918) have isolated a large organism, with a 
tendency to be Gram-negative, from the blood of a fatal case of scarlet 
fever, which they believe deserves serious consideration as ‘‘a possible 
and probable cause of the disease.’’ The organism seems to be the same 
as that described by Cantacuzéne (1911), who isolated it from the throats 
of scarlet fever patients and, inoculating monkeys with it, produced a 
condition resembling scarlet fever. From cultures they prepared a sub- 
stance which they call scarlatin (analogous to typhoidin from the typhoid 
bacillus), and using it as a skin test for immunity, found that it gave 
a higher percentage of reactions in scarlet fever convalescents than 
in other infectious diseases. They also observed that the probability of 
a positive reaction increases with the duration of the disease and in the 
absence of a history of scarlatina the probability of a positive reaction 
increases with the age of the person tested. 

Streptococcus as the causative factor of scarlet fever has played a 
prominent part in the literature, but its actual réle in the etiology of 
the infection remains to be demonstrated. As yet no specific scarlatinal 
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streptococcus has been found, and to-day the streptococcus is generally 
considered to be a secondary infection. The importance of the 
streptococcus in the scarlatinal disease was observed as early as 1884, 
by Loeffler, who isolated it from the throat smears of anginose cases. 
His observations have been amply confirmed by numerous subsequent 
studies. The coccus is generally obtained from the throat in severe cases, 
but not all severe septic cases of scarlet fever develop a streptococcic 
infection. When, however, it is present it is characterized by marked 
persistence. Smillie observes the constant presence of a true hemolytic 
streptococcus in the severe cases of scarlet fever, but finds that the or- 
ganism is less likely to be present in the milder ones, and that in many 
instances it persists in the throat for several months. He demonstrates 
the similarity of the particular strain of streptococcus (“‘beta’’ type) 
with that of septic sore throat, and believes that its persistence may be 
the means of transmitting scarlet fever as well as sore throat. Strep- 
tococci have also been found in the blood of scarlet fever patients. Moser 
observed them in 63 per cent. of cases after death, but Hektoen found 
them in only 12 per cent. of scarlet fever patients. Although they are 
frequently the cause of death, there is as yet no positive evidence that 
they are the cause of the disease. There is little doubt that the added 
virus of the streptococcic organism often dominates the picture and that 
the scarlatinal organism seems to create a special disposition (lowered 
resistance) to streptococcic infection. Kolmer illustrates this by finding 
a low streptococcus-opsonic index during the first week of the disease. 
He believes that the streptococcus of scarlet fever belongs to the general 
class of streptococci, but that it is modified in some way during the 
course of the disease so as to present certain specific antibody and transi- 
tory cultural characteristics. In fact, as already remarked, streptococci 
are not found in all cases of scarlet fever, severe or otherwise; the severe 
cases being often due to the overwhelming effect of the true scarlatinal 
virus without secondary streptococcic infection. Moreover, the injection 
of strains of scarlet fever streptococci in apes does not produce scarlet 
fever, although the blood of scarlet fever patients transmits the disease 
to animals (Landsteiner). Finally, the irregular results of antistrepto- 
coccic serum in the treatment of scarlet fever sustains the doubt as to the 
streptococcus as the cause of the disease. 

The specific microdrganism of scarlet fever, whatever it is, is gen- 
erally conceded to reside principally in the upper respiratory tract, the 
discharges from which are the most fruitful source of contagion. The 
theory that the virus resides in the scarlatinal skin exfoliations has 
been entirely disproved by modern research. The virus is particularly 
tenacious of life and has been supposed to be the means of infection 
from fomites many years after having been in contact with a case of 
scarlet fever. 

Modes of Conveyance.—The disease is communicable by direct con- 
tact, or through intermediaries, human beings, flies, insects and domestic 
animals, and by inanimate objects. There is also evidence of the milk 
supply as the apparent source of an outbreak of scarlet fever. But 
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careful investigation will generally succeed in tracing the cause to the 
presence of the disease among the helpers or others connected with the 
dairy supplying the milk. 

A not uncommon source of scarlet fever infection is the carrier of 
the disease who furnishes that most unwelcome type of case known as 
the ‘‘return case,’’ which causes hospital authorities in particular no 
end of annoyance and unpleasant criticism, and which, unavoidable in 
a small percentage of cases, is so difficult to explain. 

Every experienced physician has met with such return cases, the 
average of which is estimated at from two to four per cent. of all cases. 
A patient having recovered from a mild uncomplicated scarlet fever is 
sent home as clean, that is to say, all signs of desquamation have ceased, 
and there is no discharge from the nose, ears or throat. A week or two 
later some one in the family or in his environment develops a case of 
scarlet fever, apparently infected from the returned patient. When the 
original disease was accompanied by profuse rhinitis, otorrhea and sup- 
purating glands this infectivity has been known to persist for several 
months after the development of the disease. 

There is a tendency to hold hospitalization responsible for the phe- 
nomenon on the ground that the patients are sent home too early, or 
that if detained too long the atmosphere of a fever hospital is con- 
ducive to secondary infection, or that owing to carelessness in bathing 
the patient before dismissal, or lack of precaution during transference 
to the home, the patient catches cold and thus, through the medium of 
a catarrhal discharge from the nose, throat or ears, becomes a source 
of infection. If any of these were the true cause, the incidence of re- 
turn cases would not be as comparatively low as it is. The question has 
received particularly careful attention from British physicians. It ap- 
pears that not all the cases, so called, are actual return cases, that is, 
infection from recently discharged patients. Many of them are ‘‘inci- 
dentals’’ that develop at home after the incubation period from the 
first case has passed, either from lingering infection in fomites, or what 
is more likely, from unrecognized mild cases that have remained at home. 
This fact is often well demonstrated when a scarlet fever patient is 
ready to go home and, for some reason or other, is detained at the hos- 
pital. In the interim, say from two to four days, one of the members 
of the patient’s family is brought to the hospital with the disease. If 
the recovered patient, instead of having been unavoidably detained, 
had been sent home, then this newcomer would naturally have been in- 
eluded in the list of return cases, whereas in reality he does not belong 
there. We are much inclined to agree with Arnold, who has studied 
the question from the standpoint of home conditions, and proves quite 
conclusively that the home conditions to which the majority of patients 
are returned have a preponderating influence on the incidence of return 
cases. In hi8 very interesting study conducted at Manchester, England 
(1912), Arnold found that the greater number of cases of scarlet fever 
sent to hospitals for treatment come from homes that average more 
than one occupant per room and the average of susceptibles in such 
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houses is twice as great as in homes where there is less than one person 
per room and where a scarlet fever patient is treated at home. This, 
together with the probably less intelligent and cautious after-care of 
a recovered scarlet fever patient (see p. 259) in such homes, should suffi- 
ciently explain the relatively greater incidence of ‘‘return cases’’ from 
fever hospitals as compared to ‘‘ recovery cases,’’ the term used by Arnold 
to describe the transmission of the disease by a recovered patient who 
has been treated at home. The question, therefore, to a large extent re- 
solves itself into a social one, the solution of which is a matter of civic 
betterment, education and improved housing facilities. A certain pro- 
portion of these return cases being thus accounted for, it remains to 
explain the balance. In view of what we know of the persistence of 
searlatinal infectivity, hospitalization is at fault only in so far as hos- 
pital construction and management are at fault. The ideal is, of 
course, to have separate rooms or small wards. Failing these, it is im- 
portant to avoid overcrowding the wards. Then, also, the septic cases 
should be kept away from others, and should not be allowed to be sent 
out until all suppurations have ceased; or, in persistent cases, until a 
certain time limit has passed, which, of course, is arbitrary. We find 
a minimum of three months a good working rule for the release of pa- 
tients with discharging nose and ears. There should also be separate 
wards for the acute cases and the convalescents, taking care, always, 
whether in the acute or in the convalescent stage, to keep the clean cases 
away from those that have discharging nose or ears. The patient should 
not be sent out immediately after a warm bath and, when ready to go 
home, should be dressed warmly and protected from draughts. The 
parent or guardian should receive very definite instructions as to after- 
care, such as prevention of cold, separation from others at home for 
at least two weeks, sleeping in a separate bed. With these hospital 
and home precautions carefully carried out, the percentage of return 
cases should be limited to those that are unavoidable, owing to the per- 
sistent infectivity exhibited by some patients, which, as Caiger puts it, 
should be considered as part of the natural history of the disease. 
Symptomatology.—CuinicaL History.—Period of Incubation—The 
incubation period of scarlet fever is not long compared with that of 
other infectious diseases. It may be as short as 24 hours; it 1s rarely 
longer than a week, the average time being from 2 to 4 days. But in 
considering the incubation period in this as in other infectious diseases, 
it is well to bear in mind the distinction between contact and inoculation 
and the variation in susceptibility displayed by different individuals. 
This aspect of the question is forcibly illustrated in a hospital for in- 
fectious discases where the attendants are constantly subject to contact, 
but actual inoculation—the development of the disease—may take place 
in a few days, or may be delayed for several weeks, months or years, 
or it may never take place. For practical purposes, however, that is, 
for lifting a quarantine in a hospital ward or an institution and allow- 
ing exposed children to return to school, it is generally considered safe 
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to regard 8 days (after the appearance of the last case, or after ex- 
posure) as the limit of incubation. 

Mode of Onset —A distinguishing feature of the disease is its sudden 
onset with practically no prodromal symptoms. 

Symptoms during Progress of Disease—A child, or an adult, in ap- 
parently normal health suddenly feels languid, complains of sore throat 
accompanied by vomiting, headache and fever, and in 12 to 48 hours— 
usually in 24 hours—presents the typical red rash and a flushing of 
the cheeks. The lips, in striking contrast to the pallor around the mouth, 
often appear redder than normal. The combination of intense angina 
and initial vomiting is so constant a feature of the disease that even 
in the absence of the exanthem it immediately suggests scarlet fever. 
The mucous membrane of the mouth, the pharynx and the nasopharynx 
shows a diffuse fiery-red eruption, that is, an enanthem is present as 
well as an exanthem. The site of greatest intensity of the enanthem is 
the tonsils, which in the severe cases appear markedly reddened and 
swollen and oftentimes are covered with a well-organized pseudomem- 
brane, in many instances clinically indistinguishable from that of true 
diphtheria. The nose may show a profuse acrid discharge. 

The soft and the hard palate present an uneven roughened appear- 
ance due to numerous reddened elevations or puncte. These are of great 
diagnostic value in differentiating the angina of scarlet fever from other 
throat conditions, particularly in certain borderline cases of diphtheria. 
In institutions where diphtheria-scarlatina cross-infection is always a 
bugbear, these puncte are especially worthy of study. They are also 
occasionally found in other than scarlatinal sore throat. Their ab- 
sence, or rather, the presence of a pale, smooth palate is almost proof 
positive that the case in question is not one of scarlet fever. 

The tongue presents a series of successive changes which are almost 
pathognomonic of scarlet fever and are of great diagnostic value. At 
first it is covered with a white furry coat through which the swollen 
red papille are seen to project. This so-called “‘white strawberry 
tongue’’ is often seen also in diphtheria and measles, but differs from 
the latter in that in scarlet fever the coating begins to desquamate in 
a day or two and by the fourth or fifth day it is red and glistening 
with the papilla more or less distinctly prominent. Sometimes they are 
small and numerous, resembling the granulations in a wound; at other 
times they are scattered and more prominent. This “‘red strawberry 
or raspberry’’ tongue, or the fourth-day-and-after tongue, as it has been 
termed, persists for several days and is sometimes diagnostic as late 
as the seventh to the ninth day of the disease. After this the tongue 
gradually resumes it normal appearance. The consistency with which 
this desquamation takes place enables the experienced physician to tell 
almost at a glance and with almost invariable precision how long the 
disease has been present in a case seen after the initial period has 
passed. 

The submaxillary glands are usually more or less enlarged, hard 
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and painful; slight enlargement of the positcervical glands is sometimes 
observed, and generally the inguinal glands are also involved. 

The temperature mounts rapidly, and in about 24 hours reaches its 
maximum—100°-103°-105° F., (37.7°-39.4°-40.6° C.), according to the se- 
verity of the case—at which it remains for the next two or three days, 
or as long as the eruption continues bright, and then falls by lysis, rarely 
by crisis. In the uncomplicated case this fall of temperature (by lysis) 
is one of the most constant features of the disease. Although a high 
temperature of 104° F. (40° C.) or more generally indicates a severe 
and possibly fatal infection, this is not necessarily so; such cases have 
been known to recover, while others succumb where the temperature curve 
was not unusually high. 

The pulse is small, unduly tense and rapid, often more rapid than 
is warranted by the temperature, but without affecting the prognosis. 
In the more severe case the pulse is small, soft and obliterated at the 
arterial periphery. 

Respiration is affected as in all febrile diseases. 

The symptoms progress during the three, four or five days follow- 
ing onset, after which in the simple case they begin to abate. he rash 
begins to fade in the same order in which it appeared, from above down- 
ward, and desquamation then sets in. But the throat condition and the 
swelling of the tonsils and the glands, as well as the strawberry tongue, 
persists into the second weck. 

The rash begins on the upper chest and spreads rapidly upward, 
often covering the neck, going around in front of the ears to the tem- 
ples, downward to the trunk, and lastly to the extremities, increasing 
in intensity during the first 24-72 hours after its appearance. It is 
often irritating and causes the patient to scratch the skin. The region 
around the mouth and the center of the face, in the majority of cases, 
is not affected and stands out pale and triangular—circumoral pallor— 
in marked contrast to the rest of the face. Other parts of the body not 
always affected by the rash are the scalp and the palms and soles, al- 
though the latter may be deeply flushed. 

Under pressure from the fingers the eruption is obliterated, the under- 
lying skin often appearing yellow (icterus) as the finger is withdrawn. 
Firm pressure with the fingers of the open hand will often show white 
lines that quickly disappear, but reappear with greater distinctness and 
remain visible for a longer time. Stroking the skin with the finger-nail 
will show either a white line (pallor) or a red line with a well-marked 
line of pallor on either side—secondary pallor. While of considerable 
aid in diagnosis, this secondary pallor can be accepted only as evidence, 
but not as proof, since a similar skin reaction often follows injections 
of diphtheria antitoxin or other sera. 

In dark-skinned subjects, especially the negro, the eruption is often 
difficult to recognize. It may sometimes be seen by making strong 
pressure with the fingers on the soft parts (the upper arm or the abdo- 
men), when it will be momentarily visible in the pallor resulting from 
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a red blush, and at the bend of the elbows, in the axille, the flanks and 
the inner aspect of the thighs a fine papular eruption will be seen. 

The rash of scarlet fever varies greatly both in character and in 
distribution, probably more so than in any other of the eruptive fevers. 
It is. best seen on the chest and the neck. 

In the mild cases it is often evanescent and not infrequently is alto- 
gether wanting in certain parts of the body. Sometimes it begins to 
fade from the earlier affected parts before it has spread to the later ones, 
the extremities. In some severe cases also, especially where the throat 
symptoms are very pronounced, and in malignant cases, the rash may 
fail to develop. 

The typical eruption appears in uniform bright red (or pink in the 
very mild cases) punctate spots, about half the size of an ordinary pin- 
head, on a more or less flushed background, although occasionally the 
skin between the points is normal. The skin is also sometimes swollen, 
especially when the rash is profuse. It may appear brighter on some 
parts of the body (the abdomen, and inner aspects of the thighs, the 
elbows, the axille) than on others, thus giving the body a blotched ap- 
pearance. This irregular eruption is often papular and macular, as in 
measles. It is in these cases that it is visible on the palms and soles. 
This variation from the usual uniform punctation is also sometimes noted 
on the forearms and legs, where not infrequently the rash is definitely 
papular, especially about the shin—a valuable diagnostic point in cases 
that come under observation when the rash has already begun to fade. 
Miliary vesicles with turbid contents often develop, and not rarely the 
rash becomes petechial, especially in the creases of the skin, the hemor- 
rhages being closely set and minute. These petechie often persist for 
some time after the eruption has faded from other parts of the body, 
giving a distinctly stained appearance to the skin. 

The desquamation is even more typical of scarlet fever than the erup- 
tion, and often serves to establish diagnosis in the mild cases where the 
early symptoms have been indefinite. The process of shedding extends 
over a period of two or three weeks or more, continuing longest over 
the thicker parts of the epidermis, j.e., the soles and palms, always the 
last to clear up, and often falling off in casts from the fingers and 
toes. In fact, finger desquamation is pathognomonic of the disease. 
There is noticed at first a thickened, parchment-like feel of the balls of 
the fingers, accompanied or soon followed by a white line at the juncture 
of the pulp of the finger with the nail. The skin along this line may 
be separated with the physician’s finger-nail and made to peel backward, 
coming off very easily in large strips or casts. This sign is of the utmost 
value in the diagnosis of cases coming under observation in the stage of 
convalescence. 

Like the other manifestations of scarlet fever, the desquamation also 
shows considerable variation in character. It is often almost imper- 
ceptible, and affords no aid in diagnosis except in connection with the 
other symptoms. Often, too, it is present merely in the form of a powder 
which rubs off as the skin is being dried after a bath. This is espe- 
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cially the case in infants, but the powdery desquamation is also seen 
in older children at the anterior borders of the axille, at the lower 
part of the neck and between the fingers and the toes, and frequently as 
a little roughness on the shins. 

The mechanism of the process is often described as a ‘‘pinhole’’ ar- 
rangement. The bursting of an inflamed skin papilla causes a breach 
in the skin, which at first small, increases in size and soon becomes visi- 
ble as a pinhole in the cuticle; and as the process extends the increase 
in the size of the breaches in the epithelium and their coalescence cause 
flakes of greater or less size to become detached. The process is best 
seen on the neck and the chest and the outer aspects of the upper extremi- 
ties. 

LABORATORY Finpinecs.—Blood.—The blood in scarlet fever shows 
marked leukocytosis. The increase is supposed to begin during the ineu- 
bation period and to progress with the course of the disease, ranging in 
the mild cases from 7,000 to 34,000, and in the severe ones from 
14,000 to 40,000. The differential count shows mainly an increase, both 
absolute and relative, in the polymorphonuclears. Eosinophils, which 
at first are diminished, also increase toward the third and fourth days, 
a phenomenon which seems to be peculiar to scarlet fever and which 
might serve in differentiating it from tonsillitis and other septic in- 
fections. 

Urine.—The urine is dark and scanty. The amount of urea excreted 
seems to run parallel with the fever, as much as four per cent. having 
been noted with a temperature of 103° F. (39.4° C.). Albumin is also 
present during the height of the fever. But this albuminuria is not 
generally considered to be related to the nephritis which is a feature 
of convalescence. The diazo-reaction is usually positive in the septic 
cases during the stage of eruption, and is sometimes regarded as a fore- 
runner of a stormy course of the disease. 

Diagnosis.—A diagnosis of scarlet fever would be justifiable when 
a patient gives a history of recent (within a week) exposure to infec- 
tion, followed by a sudden onset of general malaise, sore throat and 
vomiting, the latter persisting in the severe case, but ceasing after 
two or three attacks in the mild case; the appearance, usual!; 
within twenty-four hours—sometimes later—of a diffuse red eruption 
beginning on the chest and spreading rapidly upward to the neck and 
downward over the entire trunl: and the extremities; followed on about 
the eighth day—or later—by desquamation. In addition to these physi- 
cal signs, the urine is dark and scant, shows slight albuminuria, and 
during the febrile stage, excess of urea excretion. The blood shows 
marked leukocytosis with marked eosinophilia during the early days of 
the disease. 

The typical case thus is rather easy of recognition, but the symptom- 
complex is not always so clear. Oftentimes only a few of the above 
features may be present; at other times the picture is suggestive of 
disorders that are also associated with throat symptoms and the appear- 
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ance of a rash, so that every practitioner at some time or other finds 
himself confronted with the question of differential diagnosis. 

DIFFERENTIAL DiaGnosis.—In its very early stage scarlet fever may 
suggest a simple tonsillitis, quinsy or influenza, and occasionally acute 
lobar pneumonia may be mistaken for scarlet fever. But simple tonsil- 
litis is rarely associated with initial vomiting, and the general disturb- 
ance is not apt to be very pronounced, while in quinsy the swelling in 
the throat is distinctly local, usually unilateral. There is rarely an 
eruption associated either with tonsillitis or with quinsy beyond a very 
rare, slight, non-punctate erythema on the arms, chest and back in ton- 
sillitis, and an urticarial septic blotchy, also non-punctate rash on the 
elbows and knees in quinsy. But often the eruption of scarlatina 
anginosa is also blotchy and the punctations are indefinite. In such 
eases differentiation is not easy, and would rest on the absenee of des- 
quamation, a slower pulse and the presence of severe frontal headache. 
The absence of marked throat symptoms should help to distinguish in- 
fluenza from scarlet fever. Unusually rapid respirations in connection 
with suspicions of scarlatina before the eruption has appeared should 
lead to an examination of the lungs before a positive diagnosis is made; 
but often the physical signs of a lobar pneumonia do not appear for 
several days. The appearance of the rash, however, should clinch 
the diagnosis. 

In the eruptive stage the differentiation must be made from other 
acute exanthemata—measles, rubella, varicella, and the eruptions due 
to drugs, sera, sepsis, gastro-intestinal and other toxemias. 

The confusion of measles with scarlatina often rests on a searlatinal 
rash in the former and a multiform eruption, especially in the septic 
type, of the latter. On the other hand, occasionally in severe cases of 
scarlet fever there is a combination of morbilliform and searlatinal rash 
(double eruption); should there be a concurrent coryza or eonjune- 
tivitis the difficulty of diagnosis would be enhanced. Again, in measles, 
at the beginning of defervesecence the rash sometimes assumes the diffuse 
punctate character of a typical searlatinal eruption. Differential diag- 
nosis in such cases thus is a matter of circumspection and caution, espe- 
cially where both types of eruption are simultancously present. 

Generally speaking, the differentiation can be made on the following 
basis: the incubation period of 10 or 12 days in measles compared to the 
2 or 6 days of scarlet fever; the more diffuse and less punctate character 
of the rash which 1s preceded a day or two by the appearance of 
typical Koplik spots in the mouth; swelling of the face; the predilec- 
tion of the rash for the face; absence of circumoral pallor. These, 
together with the spread of the rash behind the ears, distinguish measles 
from scarlet fever. The skin, after the acute stage is passed, shows a 
characteristic “‘coppery’’ or ‘‘mottling’’ pigmentation. As for des- 
quamation, it is only the shedding of large scales that ean be taken as 
positive evidence of scarlet fever. 

The rash of rubella comes out in discrete spots, but often on about 
the third day, owing to coalescence of the individual maculex, the erup- 
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tion may resemble a real scarlatinal erythema from which it is scarcely 
distinguishable, indeed often absolutely indistinguishable. The throat 
symptoms, generally mild or absent, may be severe, even show a tonsillar 
exudate, and in some cases the fever may run high. But usually the 
fever is low and the pulse much less rapid compared to the temperature 
than in searlet fever. Differentiation rests on the long incubation period 
(two or three weeks), the more evanescent character of the rash, the 
absence of tongue symptoms, as well as of circumoral pallor. Desquama- 
tion is unusual in rubella. The glandular enlargement differs from that 
of scarlet. fever in being slight and usually painless; the glands are hard 
and discrete and sometimes cause a stiffness of the neck; involvement 
concerns the cervical, posteervical and in many cases the axillary and 
inguinal glands. 

Varicella frequently presents a prodromal rash strongly resembling 
a scarlatinal eruption. The differentiation can usually be made on the 
mild onset, slight, if any, throat symptoms, the condition of the tongue 
and the absence of desquamation. However, the true varicella vesicles 
appear early, indeed, generally are the first signs of the disorder, and 
there is frequently the question to be considered of the simultaneous 
presence of the two diseases. 

Variola also shows a prodromal scarlatinal rash, but this is rarely 
punctate and is more irregular and faint. Throat and tongue symptoms 
are not pronounced; backache is most marked and constant, and should 
help in differentiation. The irregularly distributed erysipelatous rash is 
hardly likely to be mistaken for the lobster rash frequently seen in scar- 
let fever, especially as in the former the face is uniformly puffy and 
congested in appearance. 

Drug rashes are often eaused by coal tar products, the salicylates, 
quinin, opiates and resinous substances, such as copaiba. The rash, 
however, is usually blotchy and well defined against the skin, compared 
to the gradually fading off of a scarlet fever rash. The most frequent 
cause of drug rash is the use of belladonna, whether given by mouth 
or in the form of a plaster or instilled into the eve for ophthalmic and 
other purposes. The eruption is erythematous, rarely punctate, and is 
followed by desquamation which may be powdery or may resemble the 
typical pinhole desquamation of scarlet fever. There is generally a 
transitory fever and delirium together with dryness and redness of the 
throat and more or less dilatation of the pupil; but the absence of ton- 
sillar enlargement and of scarlatinal puncte on the palate and of tongue 
symptoms, together with the history of the use of the drug, should serve 
to differentiate a drug rash from scarlatina. 

The rashes due to sepsis and to foods causing gastro-intestinal and 
other toremias may occasionally be scarlatiniform, but the absence of 
temperature and of throat symptoms, as well as the history of ingestion 
of certain foods—shell fish, strawberries, tomatoes, etec.—and of a per- 
sonal idiosynerasy, should remove any doubt as to the true nature of 
the eruption. Desquamation is also distinctive, usually beginning before 
the rash has entirely faded; it may be repeated several times at the 
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same point and may include the hair, the finger-nails and the toe-nails. 
The skin after desquamation is brawny and red in contrast to the soft 
pink skin seen after scarlet fever desquamation. 

Serum rashes of a searlatiniform type are not unusual, and when 
occurring in the diphtheria ward of a hospital are a source of endless 
trouble; so much so that prompt and complete isolation of diphtheria 
patients presenting such a rash is imperative. The differentiation of 
serum rashes from the eruption of scarlet fever is discussed at page 158. 

In the desquamating stage, differentiation must be made from other 
disorders such as rubella, serum rash, simple erythema, which are asso- 
ciated with more or less profuse shedding of the skin. The most reliable 
item is the history of the case which, if it include one or more of the 
usual complications of scarlatina, should decide in favor of the latter. 

Complications and Sequele.—The complications of scarlet fever 
usually are troublesome, often stubborn, and not infrequently are the 
direct cause of death. Many of them are referable to aggravation or 
extension of the existing pathology which forms part of the symptom- 
complex of the disease, such as rhinitis, otitis, glossitis, scarlatinal rheu- 
matism, ete. A strict classification into symptoms and complications 1s, 
therefore, not always practicable. Other complications appear late, dur- 
ing or after convalescence. These, then, may often with justice be con- 
sidered sequels of the fever. 

Of the early complications one of the most common, and probably 
the most intractable, is rhinorrhea. Destructive processes of the posterior 
nasal mucous membrane are manifested by a mucopurulent or a serous 
nasal discharge which is irritating and highly infectious and the per- 
sistence of which often delays convalescence and prolongs quarantine. 

The infectious period, especially in young children, is also often un- 
duly prolonged by ear complications which are said to take place in from 
10 to 15 per cent. of scarlatina cases. The trouble may or may not be 
initiated with pain and fever and may vary from a trivial inflammation 
of the external canal, with possible involvement of the membrana tym- 
pani, and transitory deafness, to the more frequent manifestation of a 
typical otitis media, followed by a more or less profuse and persistent 
mucopurulent discharge. About 75 per cent. of severe cases of scarlet 
fever with pronounced throat and nose symptoms are said to be com- 
plicated by serious ear troubles. In the writer’s experience, following 
conservative local treatment, this percentage has been markedly reduced. 

The aural complications of scarlet fever may arise at any time from 
the fourth day to the third week, or later. Otttis media usually sets 
in during the third week but may also appear later. While infec- 
tion may be carried by the blood stream, it is undoubtedly most often 
transmitted through the eustachian tube, and too often is the result of 
the pernicious practice of forcible syringing of the nasal passages. 

The prognosis of otitis media is favorable, although in a percentage 
of cases, especially among young children, the suppurative process 
leads to mastoid disease often with superficial abscess formation. Mas- 
toiditis is manifested hy tenderness, swelling and redness behind the ear, 
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and protrusion forward of the auricle which often stands out almost at 
a right angle to the head; also by fever and its accompanying symptoms. 
Sometimes there is a peculiar edema of the eyelid and over the zygoma 
on the affected side. Generally there is early evidence of pus forma- 
tion beneath the periosteum; and at times exfoliation of bone. The 
condition yields rapidly to surgery. 

Among unusual conditions due to an extension of otitis media may be 
mentioned meningitis, cerebral abscess, thrombosis of the lateral sinus, 
pyemia and deafness, the latter the result of irreparable injury to the 
middle-ear structures. 

In rare instances collections of pus in the tonsils or sloughing of 
the throat in the anginose cases may lead to retropharyngeal abscess. 
This requires prompt drainage in order to avoid serious results—suffo- 
cation, septic pneumonia, generalized pyemia—from the pressure of the 
pus, or ulceration and possible rupture of a vessel from burrowing of 
the abscess. 

Hemorrhage in scarlet fever, though rare, should be included among 
its complications. While exceptionally it may be due to hemorrhagic 
diathesis, it 1s more likely to result from extension of the necrotic pro- 
cess to one of the larger vessels. The hemorrhage may be arterial, venous 
or capillary, its frequency being in the order mentioned; it may also be 
arteriovenous. Erosion of one of the larger vessels is the most frequent 
cause of bleeding. The erosion may be large or small, with rough edges, 
and may vary in size from one millimeter in diameter to a sieve-like per- 
foration. Hemorrhage from internal organs (liver, heart, spleen, stom- 
ach, lungs) may also take place, as well as from subcutaneous tissues with 
a more or less hemorrhagic pleural and pericardiae exudate. The out- 
come of this complication is usually death. Fatal otitic hemorrhage is 
very rare in scarlet fever. It has, however, been known to appear with- 
out any warning signs whatever, such as mastoiditis, facial paralysis or 
the like. 

Synovitis scarlatinosa, or scarlatinal rheumatism, is a frequent com- 
plication of scarlet fever, occurring in about three per cent. of all cases, 
whether mild or severe. It may appear as early as the fourth day and as 
late as the third or fourth week, but usually sets in about the ninth day. 
The early cases are generally more severe than the late ones. It affects 
several joints at a time, preferably the smaller ones of the fingers, the 
wrist, ankles and knees, frequency being in the order mentioned; the 
vertebral joints may be, but seldom are, affected. In the severely septic 
eases of scarlet fever the affection of the joints may lead to suppurative 
arthritis, which, as a rule, attacks only one of the larger joints at a time— 
the elbow, or the knee. Occasionally the long bones become involved, with 
periostitis or osteomyelitis as the result. 

The physical signs of scarlatinal rheumatism are pain, not so severe 
as in acute rheumatism, and swelling around the affected joints, swelling 
and redness of the overlying skin and dilatation of the superficial veins 
of the fingers and hand. Fever is nearly always present and generally 
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lasts from five to seven days. There is very slight, if any, effusion into 
the joint cavity. 

Symptoms of scarlatinal rheumatism may either precede or may 
follow the pyogenic manifestations of scarlet fever, such as otitis media, 
cervical adenitis, etc., and in rare instances may accompany endocarditis. 
Observations among soldiers in France during the world war show this 
association of rheumatism and endocarditis to occur in 27 per cent. of 
scarlet fever cases. This is no doubt largely due to trench life and other 
causes not active in civil life, since clinical observations among civilians 
show only a very small percentage of cases in which the two complica- 
tions are associated. 

The etiology of scarlatinal rheumatism is a matter of doubt which 
will probably not be cleared up until the true causative factor of scarlet 
fever is definitely determined. Its prognosis is altogether favorable. 
Any cases in which the symptoms persist for several weeks should 
arouse the suspicion of tuberculosis. 

While myocardial inflammation is probably responsible for the ex- 
treme tachycardia often noted between the second and third week of 
searlet fever, heart complications are, on the whole, uneommon. Myo- 
carditis is manifested by a rapid, weak and sometimes irregular pulse 
with faint ventricular sounds, sometimes scarcely audible at the base. 

Endocarditis oceurs less frequently than myocarditis. Most of the 
cases reported as simple endocarditis, on careful study will be found to 
be due to cardiomyasthenia. Although the differentiation is not always 
easy, the presence of fever would indicate endocarditis, since myasthenia 
cordis rarely, if ever, presents a rise in temperature. In the endo- 
carditis of scarlet fever there is generally mitral obstruction and insuf- 
ficiency, but the aortic valve may also be involved. 

Pericarditis, with a seropurulent or purulent effusion into the peri- 
cardial sac, may occur, but it is very rare and is usually fatal. 

Pulmonary Icsions also are unusual complications of scarlatina; se- 
vere cases are sometimes accompanied by bronchopneumonia, which may 
be a factor in causing death. Lobar pneumonia and bronchopneumonia 
may lead to pleurisy with serofibrinous effusion. Such effusions may 
also result from cardiac or pericardiac lesions, or in exceptional cases 
they may be tubercular. Mild types of pneumonia and bronchitis have 
been known to delay convalescence from scarlet fever during an epidemic 
of influenza. 

Clinical observations seem to indicate a certain constaney in the time 
relation of the later complications and sequele@ of scarlet fever. Although 
they may arise at any time during or after desquamation, as late even 
as the seventh week of the primary disease, they generally make 
their appearance during the third or fourth week, the critical time 
being the 19th to the 22nd day. The most interesting of these later com- 
plications are lymphadenitis and nephritis. 

Lymphademtis, a glandular enlargement usually independent of 
faucial or other lesions, often follows a primarily mild case of scarlet 
fever. Its onset is sudden, marked by rise in temperature together with 
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more or less pronounced glandular and periglandular swelling and 
tenderness; the trouble is generally unilateral, and affects the cervical 
and the submaxillary glands; sometimes both at the same time. The in- 
guinal and axillary glands may also be affected. The acute symptoms 
usually subside in two or three days, but a subacute affection may per- 
sist for several weeks. 

This lymphadenitis often is an important aid in diagnosis in limited 
epidemics in institutions and hospitals where only a few cases of scarlet 
fever develop, and some inmates have apparently escaped infection. 
The subsequent appearance of lymphadenitis among the latter would 
establish a diagnosis of previous scarlet. fever, although the primary 
symptoms have been unobtrusive. These slight and aberrant cases are as 
capable as the severe and typical ones of undergoing the changes in 
the general condition which are responsible for the development of 
the complications and sequelx of scarlet fever. 

The prognosis of lymphadenitis is favorable. Even when ac- 
companied by suppuration, recovery is prompt following free incisioy 
and drainage. Prognosis, however, is not so good when, as often happens 
the adenitis is associated with nephritis. 

Scarlatinal nephritis is justly regarded as the bugbear of scarlet 
fever. Its incidence depends on the severity of a given epidemic. On the 
average, it 1s supposed to complicate from 10 to 15 per cent. of all cases. 
Like lymphadenitis it seems to prefer the milder cases and is often the 
first sign of the previous existence of scarlet fever. This searlatinal 
nephritis, as a rule, presents the clinical picture of acute hemorrhagic 
nephritis. Its onset is sudden, accompanied by a rise in temperature, 
vomiting, headache, loss of appetite, a feeling of fullness in the abdomen, 
but rarely abdominal pain. The face presents a peculiar pallor. Edema- 
tous swelling of the eyelids is sometimes the first svinptom of nephritis. 
There is tenderness in the kidney region and occasionally a slight en- 
largemeut of the kidneys is palpable. The urine is scant in amount, 
dark, and in severe or advanced cases may be distinctly hemorrhagic in 
color. It contains albumin, blood, free red blood corpuscles and hyalin 
and granular casts. The specific gravity is increased and chlorids are 
diminished. The symptoms generally reach their climax in two or three 
days and subside gradually; they usually disappear at the end of two 
to four weeks, leaving perhaps a more or less persistent anemia. The 
renal disturbance in these favorable cases seems to have little effect on 
the heart, except for slight bradycardia, or a slow, tense pulse after de- 
fervescence, and increased blood-pressure. 

Sometimes the symptoms of nephritis, albuminuria, for example, per- 
sist for many weeks, although the patient seems to be making favorable 
but slow progress toward recovery. This persistence indicates con- 
tinued rest in bed, for it is only reasonable to assume that the pathologi- 
eal changes produced by the disease are healing slowly or perhaps in- 
completely, although functional derangement may have been sufficiently 
overcome as to present no great disturbance. 

The great danger of nephritis, of course, is uremia, which often su- 
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pervenes without any prodromal signs until convulsions set in. Some- 
times, however, there may be headache, nausea or vomiting, loose stools, 
nocturnal unrest, slow pulse with increased tension, to indicate impend- 
ing uremia. Some patients also show a peculiar staring expression or 
slight mental confusion just before the convulsive attacks appear. The 
temperature also rises after the appearance of the uremic symptoms, 
and represents the climax of the nephritis and dominates prognosis. 
In dragging cases of nephritis, if the patient is able to overcome the 
uremia, recovery finally takes place. But often death ensues either as 
the direct result of the toxic condition, or from complications caused by 
the same—pneumonia, pleuritis, cardiac weakness and a consequent pul- 
monary edema. The latter, in fact, is a more frequent cause of death 
than the uremic convulsions. 

In spite of the aforementioned serious possibilities, the prognosis of 
postscarlatinal nephritis is, on the whole, favorable. Complete recovery, 
though it may be retarded for a year or more, is the rule in practically 
all eases, a fact confirmed by the most recent studies of this question. 

Before leaving this subject of complications and sequelie of scarlet 
fever it should be stated that literature contains numerous observations 
of pathological conditions accompanying or following scarlet fever which 
are claimed to be the direct result of the disease. We believe, however, 
that such observations are merely coincidences. Among such accidental 
associations may be mentioned appendicitis, peritonitis, diabetes mellitus, 
suprarenal lesions, sinusitis, hyperthyroidism, neuralgias and many 
others. 

RELAPSES, RECURRENCES AND SECOND ATTACKS OF SCARLET FEVER.— 
The distinction of these terms is often an arbitrary one, but it is usual to 
consider a relapse or recurrence as referring to eases in which a recrudes- 
cence of the disease appears either before convalescence has set in, or dur- 
ing convalescence, while a secondary attack denotes cases in which the 
patient experiences a true scarlet fever at a more or less remote period 
after recovery from the first attack. 

Relapses or recurrences are unusual. Collected statistics show an 
incidence of 0.1-0.5 per cent. of all cases, the greater number occurring 
in fever hospital wards where constant addition of fresh cases keeps the 
air more or less surcharged with infection. A relapse or recurrence 
should be regarded as such only upon positive evidence of a primary 
attack. No indefinite symptoms should be accepted as indicating a true 
antecedent scarlet fever. Recurrences usually appear during the third 
or fourth week, generally around the 25th day. The symptoms are those 
of the original attack—vomiting, angina, fever, rash, desquamation— 
and may present the same peculiarities and variations. It is a general 
impression that the severity of the recurrence is in inverse ratio to that 
of the primary affection, that is, a light attack is likely to be followed by 
a severe one and vice versa. The prognosis, however, of the secondary 
illness is usually good, although death during such an attack has been 
reported. 

The question is often raised whether these secondary attacks are in- 
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stances of reinfection or of imperfect elimination of the primary in- 
fection. They are in all probability the latter, that is to say, incomplete 
immunization; for a patient cannot be considered as cured until im- 

munization is ‘complete and the disposition to scarlet fever is definitely 
overcome. Sometimes this immunity is delayed and the patient goes 
through more than one relapse. Welch has observed two recurrences in 
the same patient, eighteen and fifteen days respectively elapsing between 
the several attacks. Caiger reports a case which suffered three relapses 
within three months, the last one proving fatal. 

Although one attack of scarlet fever 1s supposed to render the subject 
immune for life, this immunity may be lost later on and a second attack 
may take place at any time. Such second attacks have been observed 
by the writer at periods varying from six weeks to fifteen years after 
the first one. 

Association with Other Diseases.—The association or coexistence of 
two or more infectious diseases is not unusual. Searlet fever may be 
associated with diphtheria, measles, varicella, whooping-cough, mumps, 
erysipelas, variola, typhoid, in the order of frequency as enumerated. 

Sometimes on the second or third day of the searlatinal disease a 
rapidly spreading exudate develops on the tonsils and from there spreads 
to the entire throat, to the nose, the mouth, the eustachian tube, and 
may even involve the middle ear. This membranous angina was formerly 
known as scarlatinal diphtheria, but cultural studies have shown that 
it is not due to the diphtheria bacillus, but 1s of streptococcie origin. 

The presence of the Klebs-Loeffler bacillus in cultures of such exu- 
dates would, of course, establish a diagnosis of diphtheria in conjunction 
with scarlet fever. The combination occurs much less frequently in pri- 
vate cases than in hospitals; but in modern institutions where culturing 
the throat effluvia of all searlet fever patients is a routine measure, 
and where facilities are at hand for isolating and observing patients, the 
phenomenon has been considerably reduced in recent times. Postsearla- 
tinal diphtheria is discussed on pages 140 and 148 of this volume. 

The simultaneous appearance of the exanthemata of measles and 
scarlet fever is one of the puzzles of fever hospital management. A diag- 
nosis of double infection based on the appearance of the rash alone should 
be made with caution. As has already been indicated, the rash in scarlet 
fever is often morbilliform, while in measles it may assume a punctate 
character on certain parts of the body. Sometimes the two rashes are 
simultaneously present. Diagnosis in such instances depends upon the 
development of symptoms pathognomonic of each of the two diseases— 
lacrimation, coryza, Koplik's spots for measles ; scarlatinal angina, tongue 
symptoms and desquamation for scarlatina. There is no rule as to the 
priority of the two diseases. It is generally claimed, however, that prog- 
nosis is good when measles develops after scarlet fever, but not so good 
when scarlet fever follows measles. 

The association of scarlet fever and varicella is not uncommon; in 
fact, it is said to be the most frequent combination of two acute exanthe- 
mata. When simultaneously present the probability is that varicella is 
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the primary disease. Diagnosis, as a rule, presents no difficulty in view 
of the difference in character of the two eruptions; often it can be es- 
tablished on an enanthematous throat lesion—the typical varicella palate, 
or the scarlatinal angina. 

Searlet fever developing after a varicella eruption is well established 
is probably a case of mixed infection, a possible avenue for the second 
infection being a ruptured varicella or other skin lesion. The author 
has seen one such instance, and several have been reported by other ob- 
servers. Scarlet fever following varicella is supposed to run a more 
benign course than does a varicella following scarlet fever. 

As to the other infectious diseases mentioned, the symptoms may de- 
velop at any time during the course of the primary disease, but are sup- 
posed to set in more often when one or the other infection is beginning 
to subside. 

The combination of simultaneous or concomitant infections is not lim- 
ited to two; triple infections are not uncommon and quadruple ones not 
unknown. In fact, their number may be as many as the infections to 
which a given individual has been exposed, though they do not necessarily 
all appear during the acute stage of one or the other disease. We have 
seen scarlet fever combined with varicella and whooping-cough; with 
diphtheria and measles; with diphtheria, measles and epidemic cerebro- 
spinal meningitis; also scarlet fever, diphtheria, varicella and whoop- 
ing-cough; and scarlet fever, diphtheria, varicella and measles; with re- 
covery. 

Clinical Varieties.— While suddenness of onset distinguishes all cases 
of scarlet fever, the severity of the initial symptoms varies and usually 
corresponds to the severity to be expected in the subsequent course of the 
disease, which may be mild, moderately severe, or severe, the types being 
generally known as scarlatina simplex, scarlatina anginosa and scarlatina 
maligna. Other varieties are surgical scarlatina, puerperal scarlatina ; 
some authorities also recognize a scarlatina sine exanthem as a clinical 
type of the fever. 

SCARLATINA SIMPLEX.—In the mild type—scarlatina simplex—the 
symptoms, including the eruption, are often so vague as to cause little, 
if any, disturbance until the onset of complications or the beginning of 
the desquamation stage, which often too is slight, appearing as a fine 
white powder over the neck, the shoulders and the chest, at the tips of 
the fingers and between the fingers and the toes. Sometimes the typical 
rash 1s merely transient, unaccompanied by fever, while the throat is only 
moderately injected and swollen and gives scarcely any discomfort. 
Such cases may be missed altogether and remain undiagnosed until some 
one who has been in contact with the patient develops the disease in a 
more pronounced form or the patient himself experiences a subsequent 
attack of nephritis or other complications. For it should be remembered 
that these cases, in themselves so mild, are subject to the same complica- 
tions—otitis, nephritis, ete—and may be just as infectious as the severe 
types. They thus represent a serious menace and a fruitful source 
for the spread of the disease. 
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In the febrile cases of this mild type where the rash is less evanescent, 
the temperature, at first subnormal, rises to about 100°F. (37.7°C.), as 
the rash develops, and then on the second or third day falls to the 
normal and remains there. 

In the moderately severe type all the symptoms are aggravated. 
The temperature rises quickly to 103° F. (39.4° C.), or more, the pulse 
is very rapid, the rash appears promptly, remains more or less intense 
for four or five days, when it begins to fade and usually disappears by 
the sixth or seventh day, by which time the fever also usually has sub- 
sided. The throat is redder than in the milder case, the tonsils, the uvula 
and fauces are involved, as are also the lymph glands at the angle of the 
jaw and the mouth, and swallowing becomes difficult. Small yellow 
patches often appear on the tonsils, but are not distinetly membranous 
and are easily wiped off. It is in these cases that serious ear trouble is 
apt to supervene. There may also be a seropurulent discharge from the 
nose, irritation from which excoriates the anterior nares and the upper 
lip. The inguinal glands are almost always involved, to some extent. 
During the height of the fever there is much thirst, restlessness and 
occasionally delirium. Though the patient is much prostrated and often 
anemic, barring complications, recovery usually takes place. 

The severe forms of scarlet fever, as a rule, are ushered in with 
severe symptoms, and are usually divided into a septic type—scarlatina 
anginosa, and a toxic type—scarlatina maligna. 

SCARLATINA ANGINOSA.—The throat condition is impressive and de- 
termines the seriousness of the case. The throat is patchy. Small flakes 
of exudate appear first on the tonsils, and as the disease progresses cover 
the tonsils and spread to the surrounding parts upward as far as the 
soft and the hard palate and downward into the larynx, In some rare 
instances causing a degree of obstruction requiring intubation. 

The mucosa of the mouth is intensely congested and sometimes is the 
seat of ulcerations. Sordes develop on the teeth and lips, the latter be- 
coming dry and cracked; ulcers of the aphthous variety show on the 
tongue, and fissures develop in the corners of the mouth. 

The eruption is nearly always well developed. A frank eruption is 
most desirable, indicating good heart action; in fact, prognosis is unfa- 
vorable when the punct# of an intense eruption are irregular in size and 
in distribution. 

The severe symptoms persist from seven to fourteen days even though 
the eruption has begun to fade or has faded. The purulent discharge 
from the nose is profuse and irritating and is often transferred by the 
nails of the patient to other parts of the face, causing a local pustulous 
eczema. When the skin about the eyes becomes thus infected the result 
is a marked cellulitis, the swelling both in degree and color often sug- 
gesting erysipelas. 

The enlargement of the cervical and submaxillary glands is marked, 
causing great discomfort, so that the patient makes no attempt to clear 
the throat and when compelled to swallow grasps his neck in trying to 
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ease the pain caused by the act. There is also a typical tendency to 
throw the head back to relieve the pressure caused by the swelling. 

This type of patient is very ill, and if a child is exceedingly irrit- 
able and restless, and very diffieult to manage and to keep in bed. De- 
lirium is marked, in fact, often wild enough to require restraint; dull- 
ness and apathy, as in typhoid fever, are exceptional. Anorexia is com- 
plete. This is the type of scarlatina that is frequently complicated by 
suppurating glands or discharging ears. 

In some cases of this type of the disease the predominant symptoms 
are those of a general septic condition; oftentimes, too, they present a 
combination of throat symptoms with general sepsis. ,In rare instances 
the pharyngeal inflammation is gangrenous followed by sloughing which 
may expose or even open the large vessels, with fatal results. 

Variations in temperature are often due to the development of one or 
the other of the complications that nearly always accompany the disease 
and frequently cause death after the patient has successfully thrown 
off the primary infection. 

SCARLATINA MALIGNA.—Stormy onset and rapid development of se- 
vere toxic symptoms ending in death in a few (usually 12-24) hours 
characterize this fulminating, but fortunately rare, type of scarlet 
fever. Intense headache and cerebral symptoms, often with convulsions, 
usher in the attack, but the most prominent symptoms are diarrhea and 
persistent vomiting. The temperature rises rapidly, often going as 
high as 106° F. (41.1° C.), and even 108° or 110° F. (42.2° or 43.3° C.), 
and remaining high until the end or just before, when it may fall to sub- 
normal. The pulse-rate not uncommonly is 160-170, with a soft, weak, 
irregular pulse, and feeble heart sounds. The urine is scant and al- 
buminous. 

The disease runs its fatal course so quickly that usually the rash 
hardly has time to develop; when it does make its appearance it is in- 
distinct, scattered and dusky. The throat symptoms also are sometimes 
limited to a mere redness of the fauces, and there is often absence of 
glandular involvement. The patient is stuporous, with low muttering 
delirium ; the cheeks are hollow, the eyes lusterless and oftentimes cov- 
ered with a thin film. Just before death there is frequently a general 
lividity of the skin, especially on the trunk, which may take on a dark 
purple hue. Few patients survive beyond three days. 

SURGICAL SCARLATINA—PUERPERAL SCARLATINA.—These are generally 
mentioned as clinical varieties of the disease, although there is much 
discussion as to the validity of the classification. Some authorities are 
inclined to regard them as cases of scarlet fever occurring in the wounded 
or in the parturient woman. Others feel justified in grouping them as 
cases presenting an atypical portal of entry of infection, through an open 
wound or through the genital organs, instead of through the pharynx. 

SCARLATINA SINE EXANTHEM.—Scarlatina sine exanthem, if ac- 
cepted as a clinical entity, well illustrates the fact that of all the infec- 
tious diseases there is perhaps none that shows so many deviations from 
the typical as does scarlet fever. The exanthem, as we have already 
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stated, may fail to develop. The diagnosis in such cases is often made 
ex post factum, 1.e., on the appearance of desquamation, the development 
of complications—adenitis, nephritis, with or without a history of an 
antecedent sore throat—or by the occurrence of a case of true scarlet 
fever in the family or in the environment of the patient. The 
fact that these cases show immunity when subsequently exposed to con- 
tagion is also offered as an argument in favor of including this among 
the clinical varieties of scarlet fever. 

Treatment.—In the management of a communicable disease the phy- 
sician finds himself in a most unique position, in that not a single but a 
three-fold duty confronts him, 1.e., a duty to the patient, to the com- 
munity in general, and to himself. The first concerns his professional 
skill in the matter of treatment; the other two concern the no less im- 
portant question of prophylaxis. 

The spread of infection is more easily controlled in those diseases for 
which the causative agent is known. In scarlet fever, therefore, the 
absence of such knowledge demands exaggerated rather than minimized 
prophylactic measures. 

PROPHYLAXIS,—Isolation of the patient, of course, is imperative. 
Children and others who have been exposed to infection should be kept 
away from school and from other children or from contact with other in- 
dividuals until the incubation period is safely passed. There is no objec- 
tion to allowing the well children of the family to remain at home if the 
isolation and quarantine requirements are adequate and are respected. 
The father of the family or other breadwinners may be permitted to at- 
tend to business, provided it does not entail contaet with children or 
voung people, and provided, of course, that any proximity to the sick- 
room is conscientiously avoided. 

The prophylactic use of streptococcic bacterin seems a rational mea- 
sure, but here also the obscurity of the causative agent acts as an ob- 
stacle. The method has found favor in Russia since its introduction 
there by Gabritschewsky, in 1905. At the Philadelphia Hospital for 
Contagious Diseases the matter was tested in order to immunize diph- 
theria patients against outbreaks of scarlet fever in the diphtheria wards, 
and was found to be of Jittle value. 

According to the experience of Di Cristina, the desquamating scales 
of scarlet. fever patients apparently contain an antibody which, if in- 
jected subcutaneously, seems to ensure immunity to scarlet fever. He 
was led to make the test, following the demonstration by Caronia (1914), 
of a specific antigen in the extract of desquamating scales of a scarlet 
fever patient and guinea-pig complement which induced the deviation 
of complement reaction. The test seemed to be positive in all stages of 
the disease, and served in differential diagnosis. Di Cristina thereupon 
prepared a vaccine of convalescent serum 15 e.c., desquamated shreds 
and scales 10 grams, to which were added phenol 0.8 per cent. and 1 e.c. 
guinea-pig complement, the whole being incubated for fifteen minutes at 
37° C. (98.6° F.), centrifuged, put into vials and sealed. Ten children 
who had never had scarlet fever were given subcutaneous injections of 
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1 c.e. of the vaccine every second day ; the deviation of complement reac- 
tion occurred after a second or third injection. The children were cas- 
ually exposed to the disease and none developed it. A similar immunity 
was exhibited by some children who by mistake had been put into a 
scarlet fever ward of the hospital, inoculated twenty-four hours later, 
and allowed to remain in the ward. Di Cristina and Pastore now (1919) 
report forty successful instances of this prophylactic use of the vaccine. 
Children were allowed in the room with scarlet fever patients, even sleep- 
ing in the same beds with perfect immunity. The cases were followed 
up for six months, and the continued presence of the immunity was con- 
firmed. 

We give the above for what it is worth. We have had no experience 
with the method nor do we know of any tests that confirm Di Cristina’s 
statements. 

When scarlet fever develops in a school or institution the patient 
should be isolated at once. With careful observation of the other in- 
mates and their examination at least twice daily by the public health 
authorities, and prompt isolation of all suspicious cases or close contacts, 
such as room-mates, it should not be necessary to close the school or 
institution, unless the disease threatens to assume epidemic proportions. 
To avoid this the facilities for such isolation should be of the very best, 
otherwise it is better to remove the patient to a fever hospital or to a pri- 
vate home, as the case may be. This question of providing for isolation 
and observation in schools and child-caring, as well as other institutions 
where young people are housed, is one of the most vital problems of 
public health administration. It is our conviction that no such organiza- 
tion should be granted a charter unless adequate arrangements for the 
complete and safe isolation of suspected cases are included in the plans 
of their building or buildings. 

As to the precautions to be taken to prevent the spread of scarlet 
fever which develops in the ward of a general hospital or in a ward 
other than the scarlet fever ward of a hospital for contagious diseases, 
a full consideration of this question would not fall short of a complete 
discussion of hospital management and construction. In a general way 
it may be said that safety demands, of course, instant isolation of the 
patient. Next in importance is the separation from each other of all 
contacts until each one has safely passed the incubation period dating 
from the time the last case of the disease has been removed. This separa- 
tion, to be effective in limiting the number of secondary cases that may 
arise, should be as complete as arrangements permit, use being made of 
every available room or side-room eonnected with the exposed ward. 
Or, in the absence of accommodations other than the ward itself, quar- 
antine may be successfully managed, when the room is large, by keeping 
the children in different parts of the room, separated by screens. They 
should under no circumstances be allowed to mingle with each other. 
Their meals should be served to each separately. When using the toilet 
and bath they should go in one at a time. These patients should, 
in fact, be considered as occupying separate rooms, and no one in at- 
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tendance should go from one to the other without changing cap and 
gown and washing the hands well with soap and water. These may 
seem like super-refined precautions, but fortunately, the incubation 
period of scarlet fever is short, and the extra trouble entailed is not 
great. It is worth while, if for no other reason, for the satisfaction of 
knowing that each patient has been accorded the fullest possible pro- 
tection. 

In modern fever hospitals with ample observation facilities such as 
obtain, for example, in the Philadelphia Hospital for Contagious Dis- 
eases, this plan of separating contacts can be carried out in an almost 
ideal manner, a separate room being provided for each person. Where 
this is not feasible the next best thing to do is to classify the contacts, 
placing the less susceptible with the more susceptible. For instance, it 
would be better to place a child with an adult than to put two children 
or two adults in the same room; or a voung child under five—the more 
susceptible age—had better be placed with an older child over ten—the 
less susceptible age—than with a child its own age or vounger; similarly 
it is better to have an acute patient with a convalescent than to have 
two acute patients together. 

Sometimes in a general hospital the question arises of sending con- 
tacts home. At first such a proposition may seem hardly worthy of at- 
tention. But on consideration it has much in its favor, if the eases that 
are to be sent home are judiciously selected. By doing so we not only 
protect the exposed child or children whose vitality is already lowered 
by some disease or other, but at the same time we are reducing the 
chances of secondary cases arising by just so many as are sent home. 
In other words, not every contact In such a ward is Infected at the first 
round, but he may get the infection from the second or third or any 
subsequent case that may develop. Sending him home removes that 
chance in a certain percentage of instanees. On the other hand, if the 
contact has been incubating the disease and develops it in his own home, 
he would have developed it just the same in the ward of the hospital, 
where the chance of infecting already weakened children is inuch more of 
a menace. But, we repeat, the cases to be thus sent home must be very 
earefully selected with full regard to the type of case, the home sur- 
roundings and other details. 

Measures less drastic than the foregoing have sometimes proved suf- 
ficient, such as merely disinfecting the bed of the patient who has been 
removed, and the adjoining beds or, as is sometimes done in European 
hospitals, treating the patient behind a closed screen, on the theory that 
infection is not air-borne. We mention these measures only to con- 
demn them, since first of all, there is no positive evidence that infection 
is not carried in the air, and secondly, even if such evidence existed it is 
always better to err on the safe side, and surely so in searlet fever, for 
which, of all contagious diseases, no half-way prophylactic measures are 
ever justifiable. 

If the patient is to be treated in his own home, isolation should be 
as complete as circumstances permit. A most essential point and one 
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that should be insisted upon whenever at all practicable is that the 
sickroom be provided with separate toilet facilities. The sickroom should 
be removed as far as possible from the rest of the house; the choice 
would be an entire tloor at the top of the house. Where this is not 
feasible an ideal arrangement is that described by Griffith, consisting 
of the sickroom and an adjoining room which opens into a third room 
or hall, the windows in all three rooms being well screened, in order to 
prevent possible spread by flies and insects. Keeping the windows in 
the anteroom open as much as possible provides what amounts to an 
out-of-door passage between the sickroom and the rest of the house and 
prevents possible aérial convection. All the doors of the sickroom, ex- 
cept the one leading to this adjoining room, should be tightly closed and 
the cracks and key-holes stuffed with cotton or pasted over with strips 
of gummed paper, such as is used by disinfectors. The door of the 
anteroom communicating with the rest of the house should be kept 
closed when not in use for the purpose of exit or entrance. Hanging 
a sheet soaked in disinfectants (5 per cent. carbolic or 1/1000 sublimate 
solution) at this door is not of much, if any, protective value, but may 
be useful if for nothing else than to act as an ocular reminder that a 
quarantine is on and should be respected. 

The furnishings of the anteroom should be limited to the most neces- 
sary articles, but they should by all means include a eclothes-tree, wash- 
stand, bowl, soap, towels, ete. 

The sickroom should be stripped of all unnecessary furniture, hang- 
ings, clothing, ete. Only such toys or books should be allowed to remain 
as are of negligible value and ean be burned. 

The attendant or nurse should wear a dress and cap of washable 
material. When leaving the patient she should change her clothing in 
the outer room, wash her hands well with soap and water, gargle her 
throat with liquor antisepticus, or some other mild disinfectant, and if 
going out, should leave the house without coming in contact with any of 
the family. 

In this anteroom also the doctor, before entering the room, should 
remove his coat, put on a washable cap and gown, the latter to com- 
pletely cover him. Wearing a mask is a wise precaution as a protection 
to himself and as a prevention against his becoming a possible carrier 
of the disease through the agency of his mucous membranes. After 
having seen the patient he should remove his protective outer garments 
in the anteroom, wipe off his shoes, disinfect and wash his hands 
well with soap and water, taking care to get the soap well under the 
finger-nails. All instruments which he has used, he will, of course, 
carefully sterilize. It is best to use wooden tongue depressors and 
‘applicators which, being inexpensive, can be burned. The doctor should 
endeavor to make this his last visit for:'the day, and in any case should 
again wash his hands before approaching the next patient. 

The nurse should have her meals served in the anteroom rather than 
take them with the family. Her tray can be placed outside the sheeted 
door. Before taking it in she should wash her hands and put on a 
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cap and gown. After she has finished her meal she can again set the 
dishes outside the sheeted door whence they can be removed and can with 
safety be washed in the kitchen. For her own protection she will not eat 
in the sickroom unless her constant presence there is imperative on 
account of the desperate condition of the patient—delirium, ete. In 
that case she should be provided with special utensils and dishes which 
she places outside the sheeted door and to which her food is transferred 
by a member of the household, great care being taken during the process 
of transference that her special dishes are not touched. After she has 
finished her meal she sterilizes and washes her dishes ready for the next 
meal. These same precautions also apply to the handling of the patient's 
food at all times. 

The patient’s bedclothes and his personal wear should be soaked for 
at least an hour in a disinfecting (earbolic or sublimate) solution, and 
after being wrung out of this can be thrown out of the window to be 
gathered up, or can be placed outside the anteroom door. They then 
can be safely washed with the household linen, if necessary. 

Nothing should be allowed to be taken from the sickroom that has 
not been thoroughly disinfected. This applies particularly to excreta 
and any effluvia from the patient. For the nasal and other discharges, 
instead of handkerchiefs, pieces of gauze should be used, and these, as 
well as all soiled dressings, should be burned. In short, nothing from 
the infected zone should be placed in a clean zone, unless previously 
disinfected. 

Instead of the carbolic solution which is expensive, Griffith suggests 
the following stock solution: carbolic acid (Calvert’s No. 4), 6 fl. oz. 
(180 ec.) and glycerin 4 fi. oz. (120 ec.) ; adding 2.5 fl. oz. (74 e.e.) of 
this to water to make one quart (one liter) gives an approximate 5 per 
cent. solution. 

After the patient has recovered and is ready to leave the room he 
should be given a cleansing bath, consisting of a generous soap and 
water lathering of his head and entire body; after this he is wrapped 
in a sterile sheet and taken into the anteroom, where he gets another soap 
and water bath. The throat and mouth should be cleansed with a bland 
mouth wash, such as Dobell’s solution, as a gargle and retained in the 
mouth for several minutes; and after being uressed in clean clothes, the 
patient should be allowed to go. 

In view of the uncertainty regarding the duration of the infectious 
period of searlet fever, it is well not to allow the patient to sleep with 
any one for, at least, two months. It is best that kissing be dispensed 
with. If insisted upon it should be done on the forehead, but under no 
circumstances should the patient be kissed or kiss others on the mouth. 
He should be kept from other children for at least two weeks or as much 
longer as is convenient, and should spend as much time as possible in the 
open air. Especial care should be taken to guard a recently recovered 
scarlatina patient from exposure to draughts, chill, wet feet or any 
condition that may cause him to catch cold. The resulting discharge 
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from the nose is apt to bring down germs that may be lurking in the 
many convenient hiding places in the nasopharynx. 

This after-care of the patient is essential in every instance on account 
of its bearing on the vital question of preventing return cases (see p. 238). 

It is here that the social worker, who should form part of the staff 
of every modern hospital, including fever hospitals, and the visiting 
nurse prove of inestimable value. A word of advice and an objective 
demonstration of the measures needed to safeguard the child and its 
associates are nearly always more effective than written instructions. The 
social service department recently established at the Philadelphia Hos- 
pital for Contagious Disease, although operating for only a short time, 
has already given ample demonstration of its worth. 

After the patient has left the sickroom the latter should next receive 
attention. In our opinion all that is necessary is thorough cleansing 
with soap and water of the walls, furniture and other articles, although 
renovating the walls and refinishing the furniture add to the sense of 
security. The mattresses and pillows can be effectually sterilized by 
exposing them to the sun for several days. Subjecting them to a steam- 
ing process is of questionable value, but can be done if desirable. 

Solely on the principle that the infectious agent of scarlet fever re- 
sides in the discharges from the nose, throat, ears and suppurating 
vlands, and that in their transference lies the danger of disease-spread, 
prophylaxis naturally resolves itself into measures that prevent such 
transference, the mechanical means for which are direct contact, inter- 
mediaries—doctor and nurse, inanimate objects, air (in a limited sense), 
insects, domestic animals. As to the prophylactic technic to be observed 
we have here limited ourselves to the most essential features, but they 
are of the utmost importance in the performance of the aforementioned 
threefold duty of the physician. If rigorously carried out the danger 
of infection is reduced to a minimum; indeed, it is practically nil. 

GENERAL MANAGEMENT.—The general management of the scarlet 
fever patient consists of rest in bed as nearly absolute as possible. Even 
in the mildest sort of case the patient should be kept in bed for at least 
four weeks in order to avoid exposure to draughts and sudden changes 
of temperature, thus reducing the risk of complications, such as nephritis, 
rhinitis, ete. In fact, it is better to keep the patient in bed during the 
entire course of the illness. The exception to this would be young chil- 
dren, not under the constant coutrol of a nurse, who when not under 
supervision might get out of bed and suffer exposure. In such instances 
it is better to have the child dressed warmly and allow it to be up. An- 
other exception would be on warm days when the patient, child or adult. 
could be wheeled out to a sunny porch. 

The temperature of the sickroom is a matter of opinion. We find 
that the mild acute, cases seem to do well at a room temperature of 
68° to 70° F. (20° to 21.1° C.). But for the very severe case, especially 
the septic one with hyperpyrexia and delirium, a lower temperature is 
desirable—do° to 60° F. (12.8° to 15.5° C.), or even less when the air is 
dry, crisp and clear. The patient’s bed should be kept as close to the 
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window as possible and protected from draught by a screen (behind the 
bed) or sheets draped around the bed or crib, and the window kept open 
except in damp, stormy or blusterous weather. The patient should wear 
flannel bedclothes and have his head wrapped in heavy flannel or a 
blanket, leaving only the face exposed. Sometimes, as a protection 
against cold air circulating under the bed, an extra mattress as well as 
hot water bottles at the feet of the patient will be needed. The bed 
coverings should be warm but not heavy, fewer being required during 
the height of the fever than later on. With every precaution for keep- 
ing the patient warm the room temperature can, with advantage, be kept 
at less than 55° or 60° F. In fact, fresh-air treatment has everything in 
its favor. Where feasible this may even be interpreted to mean open-air 
treatment. 

A daily sponge bath with tepid water and soap is essential. It adds 
not only to the comfort of the patient but assists in elimimation and in 
restoring the skin to a normal, healthy condition. 

Inunctions are of no curative value, but are useful in relieving the 
itching and preventing the scattering of the exfoliating skin. 

Careful attention to obtaining a daily bowel movement and ample 
urination is of the utmost importance. For the former, castor oil may 
be given to children of four years or less; magnesium sulphate to older 
children or adults; or pulvis glycyrrhize compositus which is more 
pleasant to the taste. In addition to this the severe septic case with hy- 
perpyrexia and delirium should have a daily colonic irrigation, pref- 
erably in the evening just before the patient is being prepared for the 
night. In the milder case and for all cases during convalescence an 
enema once a weck is of advantage. 

For the kidney elimination free fluid intake is essential. An aver- 
age of one and one-half liters should be given (more or less according 
to age); adults, if they so desire, may have carbonated waters. If the 
fluid cannot be taken by mouth it should be given per rectum or in 
desperate cases by means of intravenous injections of salt solution. The 
daily output should be measured and a routine examination, microscopie 
and chemic, should be made at least. twice a week or oftener if convenient 
or desirable. The information afforded by frequent urinary examination 
gives the doctor confidence as to the course of the disease and enables 
him to change or to inerease the dict accordingly, especially where the pa- 
tient rebels against the restricted régime in scarlet fever. 

During the acute stage in severe cases it is well to bear in mind the 
possibility of acidosis as a contributing toxemia. For this reason tests 
for acetone and diacetic acid should be made when the patient’s ap- 
pearance—sunken listless eyes, sighing respiration, air hunger and rest- 
lessness—suggests the presence of acidosis. Alkalis are the indicated 
treatment, and it generally meets with prompt and satisfactory response. 

Sleep is most essential, and on no account should the patient be dis- 
turbed for treatment, feeding or any other purpose. 

The diet should receive careful attention at all times. During the 
vomiting stage of the disease it will do no harm to withhold all food. 
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After that a milk diet is an ideal one and should be adhered to, when- 
ever possible. The average case can be kept on milk, as much as the 
patient will take, every three hours, and orange or other fresh fruit juice 
once a day until the temperature has been normal for seven to ten con- 
secutive days. After this, if the kidneys are functioning well, both as 
to quantity and quality of output, the diet may gradually be increased 
to include cooked cereals, the pulp of stewed fruit, toast, bread and butter 
and light puddings. Very soon vegetables may be added, such as spin- 
ach, baked white potato, celery. Weak tea and coffee are permissible to 
those accustomed to their use. No further increase in the diet is advis- 
able until after four weeks or until all danger from nephritis is passed. 
Sometimes, however, the severer cases with protracted fever, emaciation 
and weakness will require the low diet to be earlier supplemented by 
strengthening food ; oftentimes this is followed by marked improvement. 

In eases of persistent vomiting, rectal feeding may have to be resorted 
to and sometimes when the throat symptoms make swallowing difficult, 
nasal feeding will have to be tried. But this drastic measure is rarely 
necessary, for with tact and patience on the part of the nurse the diffi- 
culty may be momentarily overcome. 

Little if any medication is required for the ordinary case of scarlet 
fever. The majority do well on rest in bed, sleep, fresh air, daily sponge 
bath, careful feeding, plenty of water, laxatives as needed and a bland 
mouth wash. Various drugs have been recommended, such as biniodid 
of mercury, salicin, salvarsan, but their efficacy has not been proven. 
The only medication we use as a routine measure during the febrile 
stage of scarlet. fever is citrate of potassium given in large amounts of 
water every three hours, in full doses to adults, and 1 grain (0.065 
gram) for every year of the child’s age. After the temperature has 
been normal for four or five days Basham’s mixture may be substituted 
for the potassium citrate. During convalescence, when the patient is 
on a more liberal diet, syrup of iodid of iron, combined with syrup of 
hypophosphites, is useful as a tonic; for marked wasting, emulsion of 
codliver oil and malt is beneficial. 

Outside of the foregoing, medical treatment is purely symptomatic. 
We have already called attention to the desirability of a frank expres- 
sion of the rash, since it indicates good heart action. In order to bring 
this about in cases where the rash is scant and ill-defined, the use of 
hot-water bottles, hot packs, or wrapping the patient in heated blankets 
is recommended. This can be done even though the temperature runs 
high, since the elimination that results helps to reduce the temperature 
and also diminishes the patient’s restlessness. 

For the fever, as long as the case appears to be a simple one and the 
temperature does not go above 102° F. (38.9° C.), an ice cap to the head 
(except for infants) is all sufficient. It also suffices where the tempera- 
ture 1s 103° or 104° F. (39.5° or 40° C.), but is not accompanied by 
stupor, jactitation or other nervous symptoms. In the presence of the 
latter hydrotherapy is indicated. For this purpose we do not advocate 
cold, but prefer warm water, the choice being the warm pack repeatedly 
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to gargle, it is well to use a solution of normal saline or liquor antisep- 
ticus alkalinus, N.F. Local treatment by irrigation, syringing or 
swabbing is strongly condemned except in certain conditions. For ex- 
ample, when the patient is an adult or a child old enough to cooperate, 
irrigation with normal saline as hot as can be borne may be allowed; or 
when ulceration takes place, it is permissible to use gentle applications 
of one-fourth strength saturated solution of potassium chlorate or tinc- 
ture of iodin, twice daily, to the affected parts only. This, however, 
should be done only by an experienced person who is impressed with 
the necessity of extreme gentleness in the use of this measure. Better 
than this and much to be preferred is the use of a spray since it means 
less trauma from manipulation and less danger of introducing infection. 
A very valuable solution for this purpose consists of the following: 


R Aq. hydrogenii peroxidi * .......... {35 v (150.0 ee.) 
Tpeecacuanhe vini ...............06. f£5 ii (12.0 ee.) 
Glycerini ......... 0.2 cece cee nee fo v (20.0 ee.) 
AUR 244s en Geeieneas q.s. ad f 5 viil (240.0 c.e.) 


For the prevention of general sepsis too much attention cannot be 
paid to the routine measure of keeping the mouth and nose, the portals 
of entry of infection, in an aseptic condition. Asepsis in this connection 
rests on cleanliness and the avoidance of irritation. The value of an- 
tiseptics 1s very questionable; if used they should be highly diluted, in 
order to prevent irritation to the delicate and already devitalized mucous 
membranes. Any skin lesions, such as burns or wounds, should also re- 
ceive strict aseptic treatment, since they lkewise present favorable 
avenues for the entrance and spread of infection. 

The mouth, gums and teeth should be cleansed gently twice daily with 
a Cleansing, non-irritating solution, such as Dobell’s; or if preferred, a 
solution of either salt, or borax, or bicarbonate of soda, alone or com- 
bined with 10-20 per cent. glycerin, may be used. In case of mucous 
membrane infection which is apt to occur in mouth-breathers, the cleans- 
ing of the mouth should be followed by some oily solution, such as liquid 
albolene, to allay or prevent irritation to the delicate mucosa. The con- 
dition of the teeth is of vital importance. Whatever can be done during 
the course of the scarlatina to remedy defects, such as collections of 
tartar, carious teeth, ete., should be done, for the teeth as a persistent 
source of infection is to-day a matter of common knowledge. All neces- 
sary dental work should be attended to before the patient is discharged 
from the hospital. 

The asepsis of the nose is just as important as that of the mouth but 
often presents some difficulty, especially when infection extends to the 
nasal vault and the nasal sinuses. Forcible syringing is absolutely con- 
tra-indicated, as it is apt to spread infection. Gentle mechanical cleans- 
ing with a swab is permissible. If the patient is able to blow the nose 
he should be encouraged to do so; ointments and medicated oils are 
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recommended for their protective and mild antiseptic value. In certain 
eases where the nasal discharge is profuse and the patient is stuporous 
or otherwise unable to codperate, we have kept the nose open by means 
of a syringe and catheter. 

Enlarged tonsils and adenoids also often act as sources of persistent 
infection. Their removal as early as possible in the acute stage is advo- 
cated by some authorities and is said to have proven beneficial. 

The routine inspection and treatment of the nose, mouth and throat 
are essential also, because they permit early recognition and prompt at- 
tention to complications that may occur, such as rhinorrhea, tonsillitis, 
diphtheria, measles (Koplik’s spots) and other rare conditions, such as 
abscess, peritonsillar or retropharyngeal. For, in spite of the most 
careful management, complications in searlet fever can often not be 
avoided. These should be treated as they arise. 

For the cracking of the lips, which though not serious, is troublesome, 
compresses of camphor water or of the preparation of hydrogen peroxid, 
glycerin, wine of ipecac and water, mentioned on page 264, are, in our 
experience, more efficacious than ointments. It may sometimes be neces- 
sary to put the child’s arms in splints in order to prevent picking and 
consequent infection of the lips. 

For the aphthous stomatitis which often appears on and under the 
tongue in cases in which, for some unaccountable reason, the tempera- 
ture remains around 100° to 101° F. (37.8° to 38.3° C.) the same solu- 
tion may be used as recommended for the throat. Spraying the ex- 
truded tongue is the most convenient way of treating such sores. 

Rhinorrhea, one of the most intractable complications of scarlet fever, 
is best treated conservatively. Encouraging the patient to blow the nose 
is better than irrigation. Instillations of 15 per cent. argyrol, we have 
tried with indifferent success. Insufflations of calomel are also recom- 
mended by some physicians. In order to facilitate drainage we have 
found it advantageous to use the following solution: 


ly 
Nenthol de. 22.504, Seasenteea erains ii (0.13 gram) 
TGC aise os Seabee asics Bd Aes whens grain 1 (.065 gram) 
Camphorw ........0.. 00 e eee grains lii (0.20 gram) 
Buealy ptol 2664244240 sien s ids baewts f5oss (2.0 ee.) 
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M. et S.: Five drops to be instilled into each nostril 
three times dally. 


It is when rhinorrhea persists past the fifth week, in otherwise un- 
complicated cases, and renders the patient a most probable carrier, that 
the excision of adenoids or enlarged tonsils is called for, and will in 
most instances result in a cure. 

For the eye complications—conjunctivitis, blepharitis, ulcerative 
keratitis, the latter the only one that may prove serious—the treatment 
is the same as when these arise in other conditions. 

In the rare instances in which membranous or ulcerative laryngitis 
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occurs intubation or tracheotomy may have to be resorted to. The dif- 
ferentiation of these cases from diphtheria is discussed on pp. 140, 251. 

Serious ear complications ean often be avoided by conservative treat- 
ment of throat and nose troubles (see p. 264). We mention only to con- 
demn such practices as nasal irrigation, palpation of the nasal vault for 
adenoids, forcible washing of the throat, faulty (Trendelenburg) posi- 
tion, ete. Acute swelling and obstruction in the nose can be prevented 
by instillations of the solution mentioned above. Sometimes inhala- 
tions of 1/8000 adrenalin may be of service. But in spite of all pre- 
cautions otitis media may arise, very often owing to the presence of 
adenoids or large turbinates which act as contributing factors. The 
treatment of the nose and nasopharynx has been indicated above. In 
addition to this, any perceptible bulging of the drum membrane demands 
immediate free incision which may and should be repeated as often as 
required to maintain free drainage. As long as the drainage is suffi- 
ciently free nothing more will be necessary, for this generally relieves 
the condition with no further treatment except external cleansing and 
keeping the canal free. Any additional local treatment, should it be 

found desirable, should be applied only by the doctor in attendance or 
by a specialist, and never without the aid of the head-mirror and the 
speculum. 

We do not advise irrigation except where the discharge is thick and 
interferes with free drainage. In such an event irrigations of warm 
boric acid or saline solution 100°-105° F. (37.8°-40.6° C.) may be used 
as often as required in a given case. For a thin discharge Place suggests 
the following dry treatment instead of irrigation: The ear is frequently 
sponged with sterile cotton and a narrow wick kept to the drum, but 
not so as to fill the canal closely, and supplemented, if desired, by in- 
sufflations or instillations of 5 per cent. boric acid in J5 per cent. alcohol 
solution. 

It is only by the early treatment of ear symptoms that the more 
serious complication of mastoiditis can possibly be forestalled. Should 
it develop, the prompt application of external heat (hot-water bag) 
and vigorous attention to obtaining free drainage may sometimes avoid 
operation. The use of ice-bags is advocated by some practitioners. This, 
however, is indicated only at the very inception of mastoiditis, and as 
the exact time of that stage is most uncertain, we feel it is safer to dis- 
pense altogether with the use of cold applications. 

A marked redness, swelling or tenderness behind the ear together 
with indications of systemic disturbance, high temperature, etc., that 
persist for more than 48 to 72 hours, demands operation—excision of 
the mastoid cells—at this stage. Any more radical surgery that may be 
required, owing to a chronic condition developing, should be deferred 
until after the purely scarlatinal symptoms have disappeared, and then 
should be done by a competent surgeon. 

Much of the general management of scarlet fever is directed toward 
avoiding postscarlatinal nephritis. In this connection it may be ob- 
served that in a large series of cases we studied the blood-pressure, in 
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the hope that it would afford some warning of an incipient nephritis, 
but the results did not fulfill our expectations. In spite of all precau- 
tions nephritis will develop in about 10 per cent. of the cases, although 
the incidence varies with the severity of a given epidemic. When it occurs 
it should be combated by energetic and vigorous measures. The patient, 
if he has been out of bed, should be immediately put back and kept in 
bed for at least three weeks. The diet should again be rigidly limited to 
milk and free intake of water. Later on, when the ravages of the disease 
have caused emaciation and anemia, although the urine may not yet be al- 
together free from albumin, the diet should be increased by the addition 
of foods of low protein content, that is, chiefly carbohydrates and fats 
(to be served with little or no salt), such as green vegetables (except 
asparagus), bread and unsalted butter, stewed fruits, cereals, light pud- 
dings. Sugar should be freely given. There seems little doubt but that 
the withdrawal of salt from the diet ‘acts favorably in reducing any 
dropsical swelling. It is natural therefore to assume that a salt free 
diet should also aid in preventing the development of edema. 

The bowels should be kept freely open. For this purpose we gen- 
erally use for adults and older children, magnesium sulphate or pulvis 
jalape compositus, and for children of four years or less, oleum ricini. 

As long as diuresis is satisfactory free intake of fluids—water, lemon- 
ade and mineral waters of low salt content—is advisable. <A palatable 
substitute for lemonade and one that is cheap and easily made is the 
Imperial Drink used in England. It consists of potassium bitartrate, 
2 drams (8 grams), sugar, 1 oz. (31 grams), the juice of one lemon, added 
to one quart (1 liter) of boiling water, thoroughly mixed. This, diluted 
to taste, can be placed at the bedside of the patient for him to take at 
will, not alone for anv specific action of the drink itself, but with the idea 
of encouraging the free intake of fluid. 

With the appearance of oliguria (500 ¢.c. urine in 24 hours) the 
fluid intake should be somewhat restricted. For diuretic purposes we 
recommend the routine administration of potassium citrate and ammo- 
nium acetate solution. Later on these may be substituted by Basham’s 
mixture. 

Diaphoresis, especially when the amount of urine is reduced, is of 
the utmost value because it produces free elimination and thus helps to 
lift the burden from the crippled kidneys. It can be employed in the 
form of a hot wet pack, vapor baths or electric light baths and, accord- 
ing to the exigencies of the case, at intervals of every four hours to once 
daily, repeated until the urine has been found negative on four conseenu- 
tive days. After this it may be gradually discontinued and the diet 
correspondingly increased. . 

The hot pack can be given as follows: Protect the bed with a rubber 
sheet or a cotton quilt folded. Two folded sheets are then wrung out of 
hot water, several degrees hotter than desired for the application, one 
of the sheets is laid on the bed and the patient is placed on it, the other 
one being used to cover him, care being taken that it comes in contact 
with all the skin surfaces, especially in the kidney region. The arms 
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should be wrapped in towels wrung out of hot water, and the pack 
covered with heated blankets or a quilt. From twenty to forty minutes 
is the average time for keeping the patient in a hot pack. 

The vapor bath can be given by heating water over an alcohol lamp 
under the bed, and conducting the steam through rubber tubing placed 
between the covers of the bed. 

In our opinion the most practical form for giving these sweats is the 
electric bath. It is less depressing, less liable to produce burns, and 
more easily arranged with less exposure of the patient. <A practical 
apparatus is one devised by Tracey, consisting of a frame or cradle 
covered with asbestos and provided on the inside with six or eight elec- 
tric light bulbs connected by a long cord which can be attached to any 
electric light socket. The frame fits over the patient’s body, and when 
in use is covered at both ends to keep the heat in. The heat can be regu- 
lated by turning on the lights and reducing the number used in case it 
becomes too great. 

To-day when even the smallest village is lighted by electricity this 
method of sweating is often much easier to procure than a large amount 
of hot water and all the paraphernalia for giving a hot pack or a vapor 
bath. The apparatus is simple and portable and can easily be included 
in the armamentarium of the physician. 

With the proper vigilance and conscientious study of the case on 
the part of the physician, neither edema nor uremia should develop in a 
ease of scarlatina] nephritis. In some rare instances, however, in spite 
of all precautions—including frequent and careful urinalysis—these un- 
desirable phenomena may supervene. Jn such an event edema can gen- 
erally be controlled by reducing the liquid intake, withdrawing salt 
entirely from the food, providing for free watery catharsis, and admin- 
istering diuretics, potassium citrate or ammonium acetate solution. If 
both of these are used in the same case they should be given alternately 
every two hours. Active counterirritation with dry cupping followed 
by poultices of mustard and flaxseed in the proportion of 16 to 1 will 
be useful. The poultice should be applied as hot as possible and should 
be large enough to cover the entire kidney region. 

Symptoms of uremia or of impending uremia, such as mental apathy, 
drowsiness or coma, headache, delirium, muscular twitchings, disturb- 
ance of vision, marked reduction in urinary output, convulsions, require 
energetic and quick action. If convulsions set in, prompt measures are 
demanded for their control and to prevent their recurrence. The patient 
should immediately be placed in a hot pack or a warm bath, 104° F. 
(40° C.). Offering chloroform for inhalation in small whiffs helps to 
relax the patient. Venesection is important for reducing the blood- 
pressure and should be resorted to as promptly as possible. It may or 
may not be followed by intravenous injections of salt solution, opinions 
being divided as to the necessity for the latter. We find that most 
patients do well without it. The blood can be taken from the arm of the 
patient either by incision or by aspiration, about 100-200 e.c. being with- 
drawn from a child up to ten years, or 300 ¢.c. for an older child or an 
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adult. This generally gives temporary relief and also gives time for other 
measures, such as diaphoresis and purgation, to act. Vomiting can be 
controlled by allowing the patient to swallow small pieces of ice. Colonic 
irrigation with a quart (one liter) of hot water assists in eliminating 
toxins and prepares the bowel for rectal medication, such as chloral 
or chloral and bromide. If there is any doubt as to the free action 
of the bowels, a hydragogue cathartic should be given, such as 
magnesium sulphate or elaterium for adults, and in desperate cases also 
for children. This can be administered through the nose by means of a 
catheter, if the patient is unconscious. We have tried lumbar puncture 
followed by injection of a solution of magnesium sulphate in sterile 
water, as is done in tetanus, but the results have not proven of any 
great value. 

When the patient revives, it is essential that he be kept very warm, 
by the measures already indicated. The treatment then is that of acute 
nephritis. As wmprovement sets in—as evidenced by increased urinary 
output and reduction of albuminuria—the heat of the bed can be grad- 
ually reduced and the diet cautiously increased. 

The cervical adenitis that accompanies a mild case of scarlet fever 
requires no treatment, since it usually subsides with the acute symptoms. 
For the more pronounced cases various remedies have been recommended, 
such as ichthyol, methylsalicylate, iodin petrogen, colloidal silver, but 
their efficacy is doubtful. Cold applications may be helpful, but as in 
mastoiditis, only in the very early stage. If used, great care should be 
taken that the ice-bag fits snugly around the affected parts and does not 
rest on the chest, as so often happens. We at all times prefer heat, 
either by the water-bag or the electric pads, or fomentations. In our 
experience heat does not favor suppuration; in the milder cases it pro- 
motes resolution, while in those that would break down under any treat- 
ment, the process is hastened. When the process is complete—but not 
until then—an incision in the fold of the neck should be made. The 
incision should be fairly free in order to insure prompt healing with a 
minimum degree of scar. When the destruction of the gland has once 
begun it must go on to completion, and too early incision would prolong 
the process and also afford opportunity for secondary infection. 

The cervical cellulitis that develops in the severe anginose cases is 
best treated with hot fomentations. Early incision will not prevent 
sloughing of the skin and the subcutaneous cellular tissues; it is best 
therefore to wait until the skin has softened, or according to some au- 
thorities, until it has broken down. The underlying slough should be 
removed with great care, and any particles that may not have separated 
from the healthy tissues should be allowed to come away of themselves, 
since force of any kind is apt to induce troublesome hemorrhage. After 
incision, the wound should be treated on the usual surgical principles. 
Only the blandest solutions, such as saline or boracie acid, should be 
employed. Irritating solutions and packing tend to aggravate the pro- 
cess of sloughing and reduce the chance of recovery which in these cases, 
at best, is unfavorable. 
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nign than formerly is universally recognized. This is to some extent 
due to the more general custom of sending scarlet fever patients to 
hospitals, where, as a rule, they can receive better care than in the aver- 
age private home from which the cases come, and partly also to the 
growing practice of administering diphtheria antitoxin to scarlet fever 
patients, inasmuch as the combination of the two diseases yields very 
high mortality figures. 

The influence of sez on mortality is unimportant, although the death 
rate seems to be somewhat higher among males of all ages than among fe- 
males. Infants, though rarely affected, show a relatively higher death 
rate than older children; the highest mortality figures occur during 
the first five years of life, but for children of all ages 90 per cent. of 
deaths from scarlet fever occur among those under ten years of age. The 
colored child has a better chance of recovering from scarlet fever than 
has the white child. Dublin gives a relative mortality of four to one 
among white and colored children respectively. We find the death rate 
to be six times greater for the white children than for the colored ones. 

As to functional results, except for the rare instances in which severe, 
and probably improperly treated, ear complications result in impair- 
ment or loss of hearing, there are no indications that scarlet fever— 
unlike typhoid fever—once overcome, leads to any permanent functional 
derangement or to a particular susceptibility to other infections, such 
as tuberculosis, ete. 

Pathology.—The gross lesions of scarlet fever are few and much 
slighter than might be expected from the oftentimes severe character 
of the clinical features. The principal ones are a more or less marked 
acute dermatitis, and a catarrhal or inflammatory process of the mucous 
membrane of the mouth and throat. This process is seldom gangrenous 
or necrotic, and occurs only in the anginose and diphtheroid cases. It 
rarely involves the larynx. It, however, often extends to the middle ear 
and the nose; from the former it may spread to the mastoids, the menin- 
ges, the brain; and from the latter to the accessory sinuses, especially 
the antrum of Highmore. Congestion may also extend to the esophagus, 
while involvement of the cervical lymph glands and the surrounding 
tissue may lead to cell hyperplasia, suppuration and gangrene. 

The skin eruption, which sometimes covers the mucous membrane of 
the mouth and throat, is not seen after death. The one constant fea- 
ture which is found at autopsy in all cases of scarlet fever is hyper- 
plasia of all the lymphoid tissues. Other important lesions, due mainly 
to complications of the disease, are degeneration of the parenchymatous 
organs, the liver, the kidney, and, to a less degree, the muscles of the 
heart, which often is dilated and hypertrophied as a result both of 
the scarlatinal poison and the kidney involvement. In the severely toxic 
eases with wild delirium there is edema of the brain and evidence of 
meningeal inflammation ; splenic tumor is also sometimes seen. In these 
severe cases the rapidly fatal course is no doubt due to the overwhelming 
toxicity of the causative agent of the disease, although other contributing 
factors, such as status lymphaticus, are often noted postmortem. 
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CIRCULATORY SystEM.—The changes in the heart are mainly a fatty 
degeneration of the muscles. Recent studies, however, have shown 
marked pathological changes in the heart ganglia, to which the cardiac 
paralysis in the severely toxic and rapidly fatal cases is attributed. 
In a special study of the myocardium and the heart ganglia in scarlet 
fever, Stegeman found round-cell infiltration in the stroma of the heart 
ganglia constantly present, even from the first day of the disease, its 
intensity being dependent on the severity (complications) and duration 
of the illness. Fatty degeneration and necrosis of the nerve-cells are 
likewise present from the first day of the scarlatina. Nissl bodies, in 
the severely toxic cases with early death, were markedly diminished 
in size and number when compared to the more prolonged cases. In the 
latter (septic and pyemic cases), where death ensued after the fifth 
and up to the thirty-eighth day, the myocardium showed parenchymatous 
and fatty degeneration as well as necrosis. : 

According to the studies of Klein and of Pearce (cited by Welch 
and Schamberg), the changes in the lymphatic glands consist of hyaline 
degeneration in the center of the gland in which are found large cells, 
some resembling giant cells and others having transparent vesicular 
nuclei. The sinuses are dilated and contain many endothelial cells lying 
free in the lumina, as well as large and small cells with one or more 
transparent nuclei, some of the cells showing phagocytic properties. 
The blood-vessels are congested, occasionally showing signs of hemor- 
rhage. 

In the severely toxic form of scarlet fever in which the necrotic 
process in the nasopharyngeal region is the dominant feature, the strepto- 
coceus is recovered from the tissues as well as from cultures of the accu- 
mulations in the mucous membrane, the submucous tissues and the re- 
gional lymph glands. It is conceivable that the organism not only 
sends its toxic products from the throat into the blood stream, but 
that it may also penetrate the vessels and from these enter all other 
organs which not infrequently develop pyemic processes in which pure 
cultures of streptococci are found to reside, and which add to the pathol- 
ogy of scarlet fever. Such conditions comprise multiple joint suppura- 
tions, abscesses of the peri-articular tissues, muscle abscesses, subcu- 
taneous abscess formation, purulent disease of the serous coatings (peri- 
carditis, endocarditis, peritonitis), ete., all of which have been consid- 
ered under complications of scarlet fever. 

Pearce, to whom we owe much of our knowledge of the morbid an- 
atomy of scarlet fever, describes the changes in the tongue as dilatation 
of the papillary blood-vessels and lymphatics and leukocytic infiltration 
of the epithelial layers, especially over the papilla and among the blood- 
vessels. He regards the process as an inflammatory one, probably due 
to positive chemotaxis excited by the scarlet fever toxin present in the 
tissues or by the products of its action on the superficial epithelium. 

' ResprraTtory SysteM.—The lesions of the pulmonary region, in the 
cases where it is involved in scarlet fever, are usually those of a broncho- 


pneumonia affecting one or both sides. That they are due to the scar- 
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latinal infection is seen from the presence of streptococcus associated 
with staphylococcus aureus. The pleura likewise may be attacked by 
the streptococcic infection; the route of infection from the respiratory 
passages to the pleura has been traced by Simonin by areas of hepatiza- 
tion of the tissues. 

DicestivE System.—(Castro-intestinal Tract.—Involvement of the 
eastro-intestinal tract is not one of the features of scarlet fever, although 
in rare instances the necrotic process from the throat has been known to 
extend along the esophagus and into the stomach, causing more or less 
pronounced destruction of the mucous membrane along its route. In- 
volvement of the intestinal mucosa is usually limited to catarrhal en- 
teritis. 

Liver—Hepatic enlargement is one of the most constant gross find- 
ings in scarlet fever. The icteric discoloration of the skin and the 
urobilinuria, often seen at the height of the exanthem, are undoubt- 
edly due to disturbed liver function. Histological studies demonstrate 
a constant, more or Jess marked small-cell infiltration of the connective 
tissue extending to the parenchyma, and in some rare instances, necrosis. 
The latter may, however, undergo regeneration. Interstitial hepatitis, 
lymphatic neoplasms and cirrhosis have also been observed. 

Spleen.—The changes in the spleen are generally described as con- 
sisting either of enlargement of the splenic pulp or enlargement of the 
malpighian bodies without inerease in the size of the pulp, which in such 
instances has a firm, smooth but not tense capsule. The malpighian 
bodies appear as prominent grayish-white areas against a dark, reddish 
background. When the pulp is enlarged it is soft, and the malpighian 
bodies are indistinet. In stained microscopic sections their centers are 
pale, while the periphery is deeply stained and contains many plasma 
cells. This infiltration of plasma is also observed in all parts of the 
pulp within the blood-vessels and along the trabeculew. The center of 
the malpighian bodies consists of more or less fused phagocytic cells— 
masses of endothelial cells from the lymph nodules. 

Urinary SystemM.—The kidneys, of course, occupy a very important 
place in the pathology of scarlet fever. The anatomical changes in 
scarlatinal kidney disease are those of an interstitial and a glomerular 
nephritis. In the former the kidneys are more or less swollen and 
their superficial surfaces dotted with red spots; in cross section a stri- 
ated redness of the dilated cortex is seen, the markings of which are 
ordinarily obscured. Microscopically there is an accumulation of 
lymphocytes, the density of which has a direct bearing on the degree 
of leukocytic infiltration and consequent structural destruction. These 
changes may be present early in the scarlet fever, especially in the septic 
cases, without producing any clinical manifestations, but when they are 
diffuse the symptoms are correspondingly intense, and in cases where 
the entire kidney is affected death may ensue. The glomeruli them- 
selves remain intact. In fact, nephritic foci may persist beyond the 
third week of scarlet fever and clinically present no symptoms of nephri- 
tis without glomerular involvement. Escherick and Schick suggest that 
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the cases so often reported of slight clinical symptoms and marked 
renal changes probably belong to this class. 

In the glomerular nephritis, generally regarded as typical of scarla- 
tinal nephritis, the kidneys, except for a slight edema, appear normal 
at a first glance. It is only upon careful examination that the glomeruli 
are seen on the cut surface, to which they lend a granular appearance. 
All the granules are affected, but other changes may be slight and un- 
important or altogether absent. 

The first visible signs of pathological changes are thickening of the 
walls and increase in endothelial nuclei of the tubules. This is fol- 
lowed later by leukocytie infiltration and displacement of the lumen. 
The powerful rush of blood to the glomeruli produced by a simultane- 
ous rise in blood-pressure and cardiac enlargement causes distention of 
the glomeruli. The restoration of the patency of the latter is part of 
the healing process, the blood in the urine being part of the phenomenon, 
its amount serving as a gauge of the progress of the healing. Some- 
times thrombosis of the capillaries causes new obstruction, with death 
from cardiac paralysis as a possible result. And in rare instances diffuse 
infiltration may lead to loss of function of the glomeruli, the formation 
of adhesions and to epithelial proliferation with chronic nephritis as 
a possibility. 

Escherick and Schick distinguish between septic scarlatinal nephri- 
tis and glomerular nephritis. The septic type forms a part of the general 
septic process and can be expected to occur where the streptococcic 
infection causes severe necrotic pharyngeal changes. The degree of 
anatomical modification greatly exceeds that of the clinical manifesta- 
tions. The urine contains more or less albumin and nephritic sediment, 
but blood is not visible macroscopically, nor is the amount much dimin- 
ished. While the streptococcus is properly regarded as the etiological 
factor in this form of nephritis, the histology of glomerular nephritis 
does not justify such a supposition, even though streptococci have been 
recovered from the urine in the latter. Escherick and Schick consider 
the glomerular nephritis to be a so-called toxic or excretory nephritis. 
It is entirely possible, they believe, that streptococci present in the 
blood in late stages of scarlet fever may pass through the diseased kid- 
neys into the urine without contributing to the pathological process in 
the kidneys. This bacteriuria raises the interesting question whether 
or not other microorganisms, as well as streptococci, and particularly 
the unknown ineiter of scarlet fever, can leave the body by way of the 
urinary canals, and suggests the possibility that, as in typhoid fever, 
the urine of scarlet fever may play a part in the spread of the disease. 
While scattered reports in literature indicate such a possible infectivity 
of the urine, there as yet is no accurate demonstration of the fact. 

ENDOCRINE GLANDS.—The endocrine glands are not generally consid- 
ered as contributing to the pathology of scarlet fever, but French writers, 
more especially Hutinel and others, have recently insisted upon the in- 
portance of adrenal and pancreatic insufficiency in the syndrome of 
scarlet fever, and in interesting histological studies have demonstrated 
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cellular and glandular changes on which they base their claim. Hutinel 
has also observed isolated instances of slight modification of the thyroid 
gland and also one case in which changes in the hypophysis were present. 
Although these changes were always associated with modifications in 
the suprarenal gland, it is conceivable, he thinks, that they may occur 
independently. 

OssEous AND Nervous Systems.—The bone marrow in septic cases 
sometimes is found to contain small collections of round-cells and minute 
streptococcic foci, the latter being partly intravascular and partly free 
in the tissue. Jochmann claims, in such instances, to have found strepto- 
cocci present in the spinal cord. 

Bioop.—The chief interest in the blood changes in scarlet fever cen- 
ters around the leukocytosis and inclusion bodies. Leukocytosis 1s al- 
ready noticeable during the incubation period and reaches its maximum 
at the height of the disease. In mild cases it ranges from 17,000 to 
34,000 ; 14,000 to 40,000 in severe cases. Differential count shows also 
a change in the eosinophils. They are either decreased or disappear at 
the onset of the fever, rising later and remaining high until convalescence 
sets In. 

The chief value of the blood-count is a diagnostic one. Increased in 
leukocytes in a suspected case of scarlet fever with an ill-defined or 
aberrant rash will serve to distinguish it from measles in which leuko- 
cytosis is not present ; or when a person has been exposed to the disease, 
leukocytosis during a possible incubation period will strengthen the 
suspicion of the existence of scarlet fever. In doubtful cases well-marked 
eosinophilia on the third or fourth day will also be of diagnostic value. 

SKIN.— With few exceptions investigators interpret the skin changes 
in scarlet fever as the result of an inflammatory process. According 
to the researches of Pearce, the changes are not pronounced until after 
the third day of the disease; i.e., from the fifth to the tenth day he 
was able to note marked infiltration of the epithelium and the connective 
tissue with polymorphonuclear leukocytes. The lymphatics were much 
dilated and also contained polynuclear leukocytes. The leukoecytic infil- 
tration had disappeared from specimens taken on the twelfth day of 
the disease. 

Rach, .in a more recent study of the histology of the skin in scarlet 
fever, describes the process as an acute inflammation with an exudate 
which is at times serous and at others multicellular and hemorrhagic, 
the predominating cells being polymorphonuclear and neutrophile leuko- 
cytes. The inflammation is manifested in the skin by more or less dense 
foci (individual puncte or efflorescences). The favorite site of the punc- 
tx appears to be around the orifices of the hair follicles, but they often 
protrude beyond that area, either owing to edema of the underlying 
cutis or to accumulations of the exudate in the epidermis. This fol- 
licular swelling thus represents the anatomical basis for the typical 
scarlatinal minute papulous puncte. 

The changes were observed in various stages with gradual transition 
from one to another. The first stage is that of exudation in which 
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(a) the exudate leaves the vessels and enters the upper layer of the 
cutis, and (6) enters the epidermis where it accumulates and gives rise 
to the microscopic vesicles, which often are also visible to the naked eye. 
The second stage is desquamation with the shedding of incompletely 
hardened (parakeratosis) particles of epidermis. 

The fact that the efflorescences in various stages were seen side by 
side indicates that the exanthem develops at successive stages. 

Historical Summary.—The works of Galen, Rhazes and other ancient 
writers contain various descriptions of a disease with throat symptoms 
and a diffuse red eruption suggesting scarlatina, but not until the six- 
teenth century was the disorder differentiated from measles by Ingrassias 
of Naples. The first accounts of what appears unmistakably to be scarla- 
tina are those of Daniel Sennert, of Wittenberg, and his son-in-law, 
Michael Doerring (about 1625). They give us the typical picture 
of scarlatina, the rash, desquamation, joint pains, anasarca and de- 
lirium. Sydenham (in 1676), however, was the first to present a careful 
analysis of the disease with its medical characteristics and to give it 
the designation scarlatina or searlet fever. He also differentiated it from 
measles, with which it was constantly being confused. The epidemic 
which gave Sydenham the opportunity for studying scarlet fever in 
large numbers was evidently a mild one, since he believed the disorder 
scarcely deserved to be considered a disease. But he was destined to 
change this belief fifteen years later when an epidemic of unusual ma- 
lignancy, described by Mortons, broke out in England. Huxham (1740) 
appears to have been the first to call attention to the importance of an- 
gina in the symptom-complex of scarlatina. 

The disease was common in Europe during the eighteenth century 
and from the middle of that era spread over both hemispheres. Accord- 
ing to Caiger, it first appeared in the North American Colonies in 1735. 
spreading over New England, reaching New York in 1746, thence 
extending to the coast states. By 1791 it made its appearance in the 
interior, reaching Canada and the Northern states during the early part 
of the nineteenth century. South America was not invaded until about 
1830, and since then the disease has appeared often and at times in 
severe epidemic form, in nearly all of the countries of that part of the 
continent. During the middle of the nineteenth century scarlatina was 
reported from Polynesia, New Zealand, Tasmania, Australia and in dis- 
tant Greenland and Iceland (in 1827 in the latter). ) 

The disease appears irregularly in epidemics of greater or less viru- 
lence, often extending over a period of years; in large centers of ene 
tion, however, it is always more or less prevalent. 
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Definition.—Rubeola is an acute infectious, readily transmissible dis- 
ease of unknown origin, characterized clinically by a well-marked ca- 
tarrhal process of the mucosa of the upper air passages and a char- 
acteristic exanthem. 

Etiology.—Prepisposinag Causes.—Any constitutional defect, any 
disease process or pathologie change which tends to lower the individual 
resistance constitutes a predisposing factor; likewise any environmental 
factor which would fall below what would be considered the standard 
would be classed in the same category. Exposures to cold, the race, sex, 
soil, altitude, climatic considerations and seasonal changes exert very 
little influence in this disease. 

As to age, the disease is almost unknown under six or eight months 
(there is very little chance for outside exposure during the nursing 
period). An infant may be born with measles, the eruption showing on 
the body at the time of birth, the condition being transmitted through 
the placental circulation, the mother having had it during the later 
weeks of pregnancy. 

From two to twelve or fifteen years of age is the commonest period 
for the appearance of measles. From twenty to forty years the disease 
is fairly common only. Measles is uncommon in old age. (This may 
be partly explained by the fact that in many instances the individual 
has had the disease in childhood.) 

Previous Attacks.—It is quite possible that an individual may have a 
second or possibly even a third attack of measles. The observers whose 
opinions are most worthy of consideration are agreed on this state- 
ment. It is not, however, at all common. Asa rule, one attack of true 
measles confers immunity for life, and it is certain that very many of 
the reported cases of second and third attacks were simply mistaken 
diagnoses. Either the individual had a simple attack of urticaria, 
erythema, an attack of rubella (German measles) or, as occasionally 
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happens, some fugitive skin irritation or a drug eruption was care- 
lessly spoken of as an attack of mild measles. 

Panum, Rosenstein, Willand and other men who have paid very 
close attention to the exanthemata and have had a very rich exper!- 
ence state that they have never seen a second infection of true measles. 

EXxciITINa CAUSES.—As was stated in the definition, measles is a 
disease of unknown origin, the special organism never having been 
isolated. Extensive examinations of the blood, tissues, secretions and 
excretions have been made. Microscopical examinations and cultural 
experiments have been carried out by experts under the most rigid and 
technical scientific requirements. The results were negative in every 
instance. The causative organisms are found in the blood. We have 
conclusive proof of this in the authentic, recorded cases of experimental 
inoculation, furnished in the literature of the subject. 

Inoculation was first attempted at the direct suggestions of Munro, 
at Edinburgh, in 1758. The method was briefly as follows: Small 
superficial cuts were made across the measles spots in a selected por- 
tion of the body, the subject having a typical case of measles. Clean, 
soft cloths were placed in contact with the above-mentioned cuts and 
were allowed to become soaked with the exuding material. Then, a 
series of small cuts or openings in the skin were made on the arms 
of healthy individuals who had never had measles, and these soaked 
cloths were now loosely bound over the cuts for two or three days. 
Measles usually developed promptly, according to these observers. Cloths 
thus soaked retained their infectious possibilities for about ten days. 
Work of this character was carried out in Italy, England and the United 
States of America, some observers making as many as a thousand inocu- 
lations. The above experiments demonstrate that the disease is a trans- 
missible one, that experimental inoculation is possible, and that the 
specific organism is present in the blood of the infected individual. 

Experimental inoculations were successfully made also with the 
discharges from the mucous membranes of the upper air-passages; In 
fact, speaking from the standpoint of the experimental production of 
the disease, this proved to be the surest and easiest way, and it accords 
with our present-day conception of the chief method of transmission 
of this disease from one individual to another, namely, the secretions 
from the upper air-passages. These early investigators, in their inocu- 
lative experiments, gathered the fresh secretions from the upper air- 
passages of a known case of measles and placed them in contact with 
the upper air-passages of healthy individuals; the disease developed 
promptly in from eight to ten days. Contrary to statements of some 
observers, the consensus of opinion seems to be that the epidermal 
scales and tears do not contain the causative organism, as the inoculative 
experiments recorded along these lines were always negative or doubtful. 

Modes of Conveyance.—In the great majority of instances this dis- 
aase 1s transmitted by a direct or contact infection. There is no doubt 
that its chief method of transmission is by means of the secretions 
of the upper air-passages. Therefore, every object or article which has 
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jn any way come in contact with a case of measles has been exposed to 
contamination from these secretions and may therefore carry the disease. 
For example, clothing, playthings, handkerchiefs, towels, fomites of any 
sort may be responsible for transmitting the disease. It is to be remem- 
bered, however, that the organism is not supposed to live on con- 
taminated articles mentioned above longer than ten days. Individuals 
coming into the room and coming into direct contact with the sick 
individual may carry the specific organism of the disease on their per- 
sons and their clothing. 

To illustrate, we have records of a healthy person, e. g., a physician 
visiting and examining a case of measles in an infected locality and 
then traveling for a considerable distance into an isolated community 
and spending the night with a family. After fourteen days measles 
broke out in this household. Later investigation proved the above 
means or route to have been the only possible explanation of the appear- 
ance of the disease. 

Symptomatology.—F or the sake of convenience and discussion, it 
is customary to divide the subject into periods: namely, (1) Incuba- 
tion; (2) Invasion; (3) Eruption; (4) Desquamation. 

(1) Incusation.—The ineubative or hatching period embraces the 
interval between the implantation of the causative agent on the selective 
tissue of the host and the manifestation of symptoms. This definition 
will hold good for the incubative period in all infectious diseases, what- 
ever the location or character of the infection may be. Much needless 
confusion has arisen in medical literature from an improper conception, 
on the part of medical authors, of the true limits of this period. Like- 
wise, this same confusion exists with reference to what is going on in 
the body of the infected individual during this period. 

Many authors in their descriptions of the whole group of the ex- 
anthematous diseases conceive the incubative period as lasting from the 
time the organism gains entrance into the system until the first appear- 
ance of the eruption (exanthem). Such a conception is manifestly 
incorrect, as it would include the invasional or prodromal symptoms 
as part and parcel of the incubative period. Again, in cases of known 
exposure (the exact time and the attending cireumstances having been 
carefully noted, afterwards proven by the prompt appearance of the 
disease) it is all too common for some over-zealous observers to seize 
upon any small happening, e.g., malaise, headache, slight fever (all 
fugitive in character), or, in fact, any physiological perturbation what- 
soever, and dignify the condition by speaking of it as a symptom of the 
incubative interval, when as a matter of fact the symptom in question 
was merely a coincidence and might just as well have happened to the 
individual had he never been exposed to an infection. 

When disease-producing microérganisms (animal or vegetable)—1in- 
fectious agents, in other words—gain entrance into the human host, 
they must first find a part or tissue of the body where conditions are 
suitable to their growth and multiplication, and when they have found 
such a location, the incubation may be said to have begun, and not 
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until then. Now, after the organism is appropriately located, a certain 
amount of time is necessary before the organism can prepare or elab- 
orate a sufficient amount of poison to react on the fluids and tissues of 
the body and thus produce definite symptoms (which is the name that 
we give to such reactions). Scientifically speaking, the above comprises 
the true inecubative interval. This period is a variable one and depends 
on the one hand on the amount, character or kind and virulence of the 
invading organisms, and, on the other, on the particular type of tissue 
invaded. Direct inoculations, experimental or accidental, always ap- 
pear to shorten the incubative interval, because in direct inoculation, 
the microdrganism is placed at once in contact with its selective tissue 
and under the most favorable conditions, consequently growth imme- 
diately begins (we skip the pre-incubative stage). 

Now, when an infection is contracted in the ordinary clinical man- 
ner, the organism has gained entrance into the body, but it may be 
detained in any unfavorable location for quite an appreciable period 
of time (the pre-incubative interval), before it is finally transported to 
its particular selective tissue, where growth readily begins. From the 
foregoing considerations, then, we can readily see that the incubative 
interval is, clinically speaking, a quiescent period and from the very 
nature of the case there can be no symptoms in this period. 

Perhaps in the future, when the intricacies of the science of im- 
munology are better understood and the discovery of new and improved 
methods of investigation have enabled us to scrutinize more deeply the 
phenomena of infections, certain serological or cytological phenomena 
may be developed which may be said to constitute symptoms of the 
incubative interval. At the present time we have no such advanced 
methods or facts. The incubative period of measles is, therefore, void 
of symptoms. From the standpoint of time, the ineubative interval 
of this disease may be said to be from ten to fourteen days. Fourteen 
days seem to be the period of choice with most authors. 

(2) INvasion.— When the exciting cause (microorganism) of measles, 
after implantation on its selective tissue, has elaborated sufficient poison 
to react on the tissue-cells and fluids of the body, thus causing physio- 
logical perturbation (symptoms), we are confronted by the phenomena 
or symptoms of invasion. The period of invasion (sometimes spoken of 
as the prodromal stage) begins rather suddenly or abruptly and lasts, 
as a rule, three or four days (exceptionally five or six days or even 
longer). The symptoms manifesting themselves during this period may 
be classified or grouped under three heads, viz.: (a) general or systemic 
disturbances, (b) catarrhal symptoms and (c) the symptoms of the 
enanthem. 

(a) General or Systemic Disturbances.—We often notice that there 
is a coated tongue with loss of appetite. The child complains of being 
“‘sick at the stomach,’’ with even nausea and vomiting in some eases. 
The patient exhibits a ‘‘desire to lie around’’ and does not feel like 
doing anything—general malaise as we physicians call it. Headache, 
chiefly frontal in character, is commonly exhibited. Some fever is 
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almost universally present and in typical cases the behavior or curve 
of the fever is definitely characteristic. It begins with the other symp- 
toms of onset and rises to a peak in twenty-four to forty-eight hours 
(usually about the second day). It then remits to rise again to a second 
acme or high point before or just at the full flush of the exanthem. 
Careful observations compiled from our records of epidemics in child 
institutions, orphan asylums and the like enable us to verify the above, 
for under such circumstances we have competent nurses who may be 
taught to observe and record all symptoms from the most fugitive be- 
ginning prodromal symptoms up to the time the child igs discharged. 

This class of work has convinced clinicians that the fever curve of 
measles is prone to exhibit two peaks or high points, one occurring in 
the prodromal state (about its mid-point), the other during the height 
of the eruption. It is likewise a commonly accepted dictum that if we 
take a view of the entire febrile curve of the disease, we will note a 
tendency on the part of the fever to exhibit a slight morning remission 
and evening exacerbation. 

Now and then we may have some enlargement of the lymphatic 
glands about the neck and under the jaw. This, however, is neither a 
characteristic nor a diagnostic feature. In certain severe and malignant 
epidemics, cases are occasionally seen which manifest very grave and 
alarming symptoms, even in this early period, the patient passing 
rapidly into a somnolent or typhoid-like state or even becoming comatose 
with great prostration supervening. It is to be understood, however, 
that the above, while it may possibly occur, is not in any sense to be 
considered as forming part and parcel of the typical syndrome of 
measles. 

(b) Catarrhal Symptoms.—The catarrhal symptoms present them- 
selves early. They are characteristic and are sufficiently well marked 
and constant to be of real diagnostic value. In the first few hours, 
there is a sense of fullness or a stuffy feeling about the nose; sneezing 
may be frequent. The throat feels dry and sore. Next the nasal 
secretions begin, the nose runs, the acrid secretions irritating or even 
excoriating the upper lp. The pharyngeal ring becomes reddened. 
Now we have a typical nasopharyngeal catarrh. At the same time a 
brassy cough (with or without hoarseness) appears. A mild type of 
bronchitis may be present at this stage. 

The ocular conjunctiva begins to show evidence of irritation and 
inflammation. First the eyes hurt and feel as if there were particles of 
dust under the lids. The conjunctiva becomes reddened, photophobia 
develops. Secretion is increased; the lids tend to stick together in the 
morning and in extreme cases the eyes are swollen and blood-shot. The 
catarrhal symptoms persist throughout the prodromal period. They 
usually increase or become accentuated as the eruption or exanthem 
develops and likewise subside as the eruption subsides. 

(c) The Enanthem (the Internal Eruption).—Usually about the end 
of the second day of the invasional period, on the mucosa of the mouth 
and throat, there appears an eruption. The mucous membrane takes 


286 RUBEOLA 


on a dark-red color and is much engorged. Dark-red elevated spots 
appear from a pinpoint to a pea in size, most common and most typical 
about the pharyngeal ring, noticeable also on the roof and floor of the 
mouth, and to a lesser extent, on the mucous membrane of the lips and 
cheeks. | 

Very frequently we notice, on the muzosa of the roof and floor of 
the mouth and lips, another type of spots. They are most commonly 
found on the mucous membrane of the cheeks, about opposite the molar 
teeth. These spots are slightly elevated, of a dark-red color and are 
about the size of a pinhead, and the center of each spot is occupied by 
a minute, white or bluish-white speck. These are called Koplik’s spots, 
so named after the physician who first called definite attention to them.* 
Koplik’s spots are hard to distinguish unless one has a very strong light. 
Strong daylight is best. These spots are believed to be present in from 
90 to 95 per cent. of cases. Many authors regard the spots as being 
of great diagnostic value. Still others of wide clinical experience do 
not regard the Koplik’s spots as possessing any especial value from the 
standpoint of diagnosis, claiming even to have found them in other of 
the exanthematous diseases. 

The finding of typical Kopltk’s spots a day or two before the erup- 
tion, especially in the presence of marked catarrhal symptoms, strength- 
ens the possibility of a pre-eruptive diagnosis. This is particularly 
true if we are dealing with epidemics, if we have knowledge of the 
diseases that are prevalent in given areas, or if we know that there 
has been a definite exposure. In all isolated, sporadic cases, we are 
confronted by a very different proposition. By way of conclusion, then, 
we may say that the finding of Koplik’s spots adds another sign to 
the symptom group. It is another bit of evidence, another link in the 
chain, and is of value to just that extent. The finding of the spots 
could never make the diagnosis positive. On the other hand, the 
absence of the spots could never exelude the diagnosis. 

Their time of greatest value is early in the disease, as they appear 
most promptly with the enanthem and tend to change character and 
fade as the eruption comes out. 

We should, perhaps, make mention of the fact that the enanthem 
occasionally spreads by continuity of structures into the larynx, some- 
times producing an alarming edema and even invading the mucous 
membrane of the bronchial tubes. Other observers have reported cases 
of involvement of the mucous membrane of the stomach and duodenum. 

The literature of the subject likewise furnishes reports of a few 
instances of involvement of the mucosa of the rectum and the vulva. 
Care should always be exercised to avoid mistaking thrush, and aphthous 
stomatitis for the Koplik’s spots, as either of these conditions may 
occur as an early complication. A consideration of their individual 
distribution and character should, however, prevent error. 

(3) Eruption.—In typical cases, the eruption is prone to appear 
on the fourth day (it can appear earlier or one, two or several days 

*See article by Koplik, Archives of Pediatrics, Dec., 1896. 
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later). The rash appears first as small red spots (macular, quickly 
becoming elevated or papular) on the forehead and sides of the face 
about the cheek bones, often showing behind the ears. Then the 
neck, chest and trunk are involved, likewise the arms and hands, legs 
and feet are invaded by the eruption. The palms of the hands and 
the soles of the feet may be red and injected, the eruption rarely becom- 
ing papular in these locations; the same may be said of the hairy scalp. 

Usually the rash spreads rapidly, often covering the entire body 
in 24 hours; again it may take two or three days. The small red 
papules quickly increase in size and sometimes coalesce. The individ- 
ual spots may vary in size from a pinhead to a common bean. The 
color commonly deepens and may be purplish or violaceous. The spots 
occur in irregular patches, splotches or clumps over the surface of the 
body. The old writers speak of the patches as having a crescent shape. 

The eruption may be scattered thinly over the body or it may 
thickly stud the entire body. The eruption persists for some days, 
about four or five days or a week on the average. Then it quickly 
fades. The fading process follows the order of the appearance of the 
spots, head first, then neck and chest, body, legs and arms. The deep 
purple of the spots fades and they tend to have a brownish shade; 
slight pigmentation remains for two or three weeks. 

Variations of the Rash.—Reliable authors have reported cases (ob- 
served in epidemics) without a rash. The rash is occasionally very 
slight, lasting only a day or so. It may appear on only a small part 
of the body. On the other hand, it may be unusually prolonged, lasting 
two weeks. In very severe and fatal forms of the disease, the rash may 
be hemorrhagic (black measles). The rash may appear to be under the 
skin, not coming to the surface well. Heat and warmth tend to bring 
out the eruption, while exposure to the cold or even chilling may serve 
to retard its appearance. 

The character of the eruption is modified somewhat by various patho- 
logic states of the skin, namely, eczema, psoriasis, erythema, ete. Re- 
lapses of the eruption are recognized as possibilities. They have been 
observed and recorded occasionally by reliable observers. 

The progress of the other symptoms during the eruption are as 
follows: 

Fever.—The fever reaches a second peak or high point a few hours 
before or at the time of the full bloom of the eruption. Then it sub- 
sides, usually rather gradually, for two or three days, occasionally 
rather quickly, like a crisis. A big rise in temperature after the rash 
has been out several days most likely means a complication. A few 
hours before the eruption, even, the face looks puffed and is slightly 
red and has a rather mottled appearance. The red color of the erup- 
tion deepens and takes on a purplish shade and becomes markedly 
papular or elevated to the touch. The legs and forearms show the 
spots last. 

Catarrhal Symptoms—The catarrhal symptoms of the invasional 
stage are still present and increase. The coryza increases. There is an 
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irritating discharge from the nose. Photophobia is intense. The eyes 
are likely to be blood-shot. The lids tend to stick together. The voice 
may be hoarse, with a brassy, troublesome cough, with mucous rales 
present over the chest. A thick tenacious mucus is expectorated. it 
is the rule for the catarrhal symptoms to subside as the eruption dis- 
appears. Their persistence would suggest a complication. The tongue 
is moist and coated usually with a white fur. The appetite is poor, 
there is present some nausea or vomiting and occasionally diarrhea. 

(4) DesquaMaTION.—The subsidence or disappearance of the erup- 
tion marks the beginning of the desquamation period (the convalescent 
state, as it is often called). In a given case, if there are no complica- 
tions, the patient improves rapidly, appetite returns, thirst disappears, 
photophobia is gone, the catarrhal symptoms gradually leave, although 
slight cough, bronchitis and soreness of the throat may persist. A slight 
branny scaling of the skin takes place and in ten days or two weeks 
the patient is well. There is, however, a marked susceptibility to 
external influences in this period. They should be examined and super- 
vised throughout the period. 

LaBoRATORY Finpines.—The laboratories are well-nigh useless to 
us in this disease. Some authors claim a slight leukocytosis in the 
incubative period and the first part of the invasion, stating that before 
or as the eruption comes out, the leukocytosis disappears, and we may 
have a leukopenia. They also state that the polymorphonuclear leuko- 
cytes are liable to be increased during the attack, dropping back to 
the normal as defervescence takes place. The blood findings are neither 
characteristic nor dependable. Albuminuria is a common finding and 
the same may be said concerning an occasional cast. 

Diagnosis.—The diagnosis is based chiefly on the catarrhal symp- 
toms and the exanthem. A characteristic exanthem is always the strong- 
est point in the diagnosis of this disease. Second in value is the char- 
acter and behavior of the catarrhal symptoms, plus the enanthem, with 
the accompanying spots of Koplik. The average case of measles, after 
the appearance of the eruption, is not likely to be mistaken for anything 
else. Before the eruption appears, it is always hazardous and difficult, 
and many times impossible, to make a diagnosis. Many shrewd clinicians 
always keep themselves posted as to what infectious diseases are preva- 
lent in certain areas or localities, likewise they keep themselves posted 
regarding the matter of possible exposures on the part of their patients— 
and they use this knowledge in drawing conclusions. 

In isolated, sporadic cases, where no infection, contact or exposure 
ean be traced, where the case seems to come out of a clear sky, diagnostic 
difficulties arise. A case fulfilling the conditions mentioned above can 
never be diagnosed positively in the pre-eruptive state. Many cases of 
influenza, in the early stages, present a picture very like that of the 
prodromal state of measles. In the literature of the subject, we find 
instances where physicians have experienced difficulty in differentiating 
this disease from typhoid and typhus fever, ete., in the early stages. 
The other exanthematous diseases also are a common source of diffi- 
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culty in the early stage. Drug eruptions and erythemata are some- 
times confusing. 

The diagnosis should never be made on one feature alone. The 
case should be considered in its entirety. In doubtful cases, it is always 
best to wait for the appearance of the eruption before coming to a 
definite decision. 

Association with Other Diseases.— The association of other diseases 
with measles (a double infection), which occasionally happens, always 
tends to increase our diagnostic difficulties as well as increase the danger 
to the patient. Among -those diseases mentioned as having occurred 
rather commonly in connection with measles, we have the following: 
variola, varicella, vaccinia, scarlatina, rubella, typhoid fever, diphtheria, 
whooping cough, ete. The double infection is an accidental one. There 
is positively no relationship existing between the two diseases. No spe- 
cific chemical or biological affinity can be said to exist. The laws or 
rules governing the successful implantation of one infection apply equally 
to the other, and in no way whatsoever does the one depend upon the 
other for its presence. The relationship is purely accidental or inci- 
dental. 

Complications.—When any typical symptom of measles gets to be 
sufficiently severe, or accentuated, as to occupy a position of importance 
in the progress of the case, that symptom may be spoken of as consti- 
tuting a complication. Likewise when any morbid process or intercur- 
rent disease implants itself on the individual. when that individual 1s 
already the subject of an attack of measles, the resultant process may 
be said to constitute a complication. 

THE Skin.— Miliary vesicles may appear among the papules. Simple 
erythemata or urticarial processes may oceur at any time throughout 
the disease. Secondary infections of the papules with microorganisms, 
commonly staphylococci, may rarely cause a few pustules to appear. 
Chronic skin eruptions, if present, will influence or modify the character 
of the eruption. Among the skin diseases which occasionally compli- 
cate measles may be mentioned eczema, psoriasis, erythema, impetigo, 
pemphigus, ete. 

Tue Eye—aAn intense conjunctivitis may appear; edema of the 
lids is occasionally present. Keratitis and iritis are likely to occur in 
serofulous children. Corneal ulcerations, phlyctenular ulcerations and 
granular lids are among the rare complications. The inflammatory 
process may extend and plug the lacrimal gland. Hordeolum or sty 
and blepharitis marginalis may be present. 

Tue Nose.—Inflammations and secondary infections of the nasal 
mucosa occasionally appear. The pharyngeal ring is commonly in- 
flamed. The eustachian tube may become plugged and inflamed, fail to 
drain properly and produce by extension an inflammation of the 
middle ear. 

Tur Ear.—Simple catarrhal processes of the eustachian tube are 
quite common. If the patient has enlarged tonsils and adenoids, the 
likelihood is much increased. The eustachian tube does not drain well, 
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the inflammation extends up into the middle ear and the drum may 
rupture. We have a typical case of otitis media. Measles, according 
to the statistics, causes from 2 to 10 per cent. of the diseases of the ear 
and fully 10 per cent. of all running ears are due to measles. Ear 
involvements, therefore, are very common, and through this channel 
the meninges and even the brain substance may be involved. 

THE AIR-PASSAGES.—Simple laryngitis. edema of the larynx and 
tracheobronchitis are encountered frequently. Pneumonia, especially in 
poor, impoverished, debilitated children, is one of the commonest, as well 
as the ugliest, complications with which we have to deal. The type is 
most commonly lobular, although the lobar type may occur. Pleurisy, 
empyema and even tuberculosis occasionally present themselves. 

THE GASTRO-INTESTINAL TRAcCT.—The frequency of the different types 
of stomatitis has already been mentioned. Diarrhea is occasionally seen 
in epidemics and in severe cases, and even serous peritonitis has been 
described as occurring. It takes place by direct contiguity of strue- 
tures from the inflamed and infiltrated walls of the intestinal tract. 

THE KIpNEYs.—Albuminuria, a few casts and slight granular or 
cloudy swelling of the special structures of the kidney are quite fre- 
quently present, and occasionally true acute parenchymatous nephritis 
occurs. 

THE HEArT.—This organ is not commonly involved during the active 
stages of measles. If this organ is involved at all, the disease is most 
likely to occur as a sequel. An occasional tachycardia or other rhythmic 
disturbance may be present. 

THE NERVOUS SysTEM.—The nervous system is not ordinarily affected. 
Such disturbances as do occur are more of the nature of temporary or 
functional aberrations than otherwise. There are a few cases, how- 
ever, In which meningitis, neuritis and brain substance involvement are 
encountered. 

Frequently diphtheria and whooping-cough may be epidemic in the 
same locality with the disease under discussion, hence, either of these 
diseases may complicate measles. 

Sequele.—A sequela (from sequor, meaning to follow) is a condi- 
tion which arises or persists in the patient after the original infection 
has departed. The following items always exert an influence on the 
character, type and likelihood of appearance of sequel. First, external 
factors, e.g., dampness, unhygienie quarters, undue exposure during 
the early part of the disease in question, lack of treatment, improper 
treatment, etc. Second, internal (or personal) factors, e.g., all unfavor- 
able influences existing in the constitution of the individual: (a) struc- 
tural and functional defects or deficiencies; (0) disease taints (consti- 
tutional dyscrasias), e.g., serofula, rickets, tuberculosis, chronic Bright’s 
disease, ctc.; (c) the character and virulence of the infectious organisms. 

THE AIR-PASSAGES.—Any disease or condition which may appear 
as a complication may likewise appear as a sequel. This is true of all 
infectious diseases, In considering the sequelwe of measles, the air- 
passages easily take first rank. Laryngitis, bronchitis and pneumonia, 
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lobular or lobar, are quite common. A persistent harassing bronchitis 
is very prone to hang on and give us trouble. Lobular pneumonia is 
exceedingly frequent, especially in young, weak children, as stated above. 
Tubercular engraftment is always a possibility. Empyema occasionally 
appears. 

Tue Ear.—This organ is likely to furnish us with sequele. It has 
been stated that from 5 to 10 per cent. of our cases of permanent total 
deafness and middle ear disease (otitis media) with running ears, are 
directly traceable to an old attack of measles. All too frequently do 
we hear our patients say, ‘‘I have never heard well out of that ear 
since I had measles,’’ or ‘‘That ear has been running off and on ever 
since I had measles.’’ 

THE KiIpNEyYs.— Almost every experienced clinician can from his case 
history files, produce a few records of acute Bright’s disease which are 
definitely traceable back to a case of measles. 

Practically all long and severe cases of measles will show a fair grade 
of anemia on making a blood-count. In fact, it is quite within the range 
of possibility for almost any organ or tissue of the body to exhibit 
some impairment as a direct result of measles. For example, a young 
healthy boy 12 years of age developed measles. The family doctor was 
called when the eruption appeared. He prescribed, and left directions 
for the conduct of the case (the boy was not confined to bed). Just 
two weeks from the date of the doctor’s visit to the case. he was called 
in again. He found the boy in bed, face and hands swollen, feet and 
legs swollen as high up as the knees. Pitting on pressure. anemic mucous 
membranes, pain across the back, urine secant, red and cloudy. Exami- 
nation of urine showed: Albumin abundant and hyalin and granular 
easts present. Diagnosis: acute parenchymatous nephritis, following 
measles. Inquiry disclosed the fact that this boy had been playing 
out in the grass in the lot adjacent to the house, in his bare feet after 
the dew had fallen. (The case occurred in the early summer.) 

Treatment.— PROPHYLAXIS.—Our experience in epidemics teaches us 
that this disease is readily transmissible. We have every reason to be- 
lieve that the causative agent is a filterable one. We feel quite sure 
that the disease is transmitted chiefly by the secretions from the nose, 
mouth and throat of the diseased individual. The organism is certainly 
in the blood, and may possibly be in the discharges from the gastro- 
intestinal tract. These latter routes, however, do not furnish a very 
favorable opportunity for transmission from one individual to another. 
It is a fairly sure conclusion that it is chiefly the secretions of the nose, 
mouth and throat, as mentioned above, that we have to watch particu- 
larly. 

The mode of transmission is most commonly direct from person to 
person. We know, however, that it is transmitted indirectly through 
articles, clothing or fomites, recently soiled with the secretions and 
discharges mentioned above. It is more than likely that the organisms 
do not live longer than about ten days on soiled articles or fomites. 
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The disease is communicable from the very earliest catarrhal symp- 
toms (or even before that), until all traces of secretions have disap- 
peared from the nose and throat. 

With the above as a summation of our actual knowledge regarding 
the causative agent, its method of transmission and its period of com- 
municability, we may formulate methods of control which will apply 
to the individual himself and likewise the community of which he is 
a member. 

The methods commonly used to prevent the spread of acute infec- 
tious diseases are, in general, about the same everywhere. We can do 
no better than accept the rules laid down for the control of com- 
municable diseases in the report of the American Public Health Asso- 
ciation Committee on Standard Regulations, appointed in October, 1916. 
They are as follows: 


“METHODS OF CONTROI. 


““CA) The infected individual and his environment: 

‘‘1. Recognition of the disease: Clinical symptoms. Special 
attention to rise of temperature. Koplik’s spots and catarrhal 
symptoms in exposed individuals. 

‘*2. Isolation: During period of communicability. 

“£3. Immunization: None. 

‘‘4. Quarantine: Exclusion of exposed susceptible school 
children and teachers from school until 14 days from last ex- 
posure. This applies to exposure in the household. Exclusion 
of exposed susceptible children from all public gatherings for the 
same period. 

‘*5. Concurrent disinfection: All articles soiled with the 
secretions of the nose and throat. 

‘*6. Terminal disinfection: Thorough cleaning. 

‘“*(B) General measures: 

“1. Daily examination of exposed children or other possibly 
exposed persons. This examination should include record of the 
body temperature. A non-immune exposed individual exhibiting 
a rise of temperature of 0.5° C. or more should be promptly 
isolated pending diagnosis. 

‘*2. Schools should not be closed or classes discontinued where 
daily observation of the children by a physician or nurse is 
provided for. 

‘"3. Education as to special danger of exposing young chil- 
dren to those exhibiting acute catarrhal symptoms of any kind.’’ 


Curative TREATMENT.—Many cases of measles, even in epidemics, 
are so mild that little or no treatment is required. On the other hand, 
a given case or an epidemic may be so severe that it will tax the ther- 
apeutic ingenuity of even the most experienced clinician and give us a 
very high mortality as an end-result. We can, therefore, give no rigid, 


TREATMENT 293 


definite, inflexible plan that will apply to all cases. Every case is a 
law unto itself. 

We may as well acknowledge at the start that we have no specifies. 
Sera, vaccines and immunizing agents are (up to the present time, at 
least) useless in this disease. Attempts have been made (with blood 
serum taken from convalescent patients) to inoculate individuals against 
measles; the serum has also been used with curative intent during the 
disease. No clinical results worth considering have resulted in either 
case. We likewise have no drug specifics. The treatment is purely 
symptomatic. We shall take the subject up as follows: (1) General 
management, which shall include such measures as would apply to the 
average case; second, the treatment of special symptoms (such as are 
prone to occur in severe cases). 

(1) General Management.—The patient should be isolated in a suit- 
able, comfortable room and a fairly even temperature maintained— 
from 65° to 70° F. (18.3° to 21.1° C.). Such arrangements should be 
made as will secure an adequate supply of fresh air for health and breath- 
ing purposes. (It is well to remember that fresh air need not neces- 
sarily be cold air.) The bed-clothing should be sufficient for warmth 
and comfort at all times. The old notion that the patient should be 
placed in a darkened room, for fear of injury to the eyes, is, of course, 
a mistake. If there is a high grade conjunctivitis present, with marked 
photophobia, make use of colored glasses, an eye shade or screen. These 
ineasures, however, are rarely necessary. It is best to have some fixed 
rule, applicable to all of the infectious exanthematous diseases, as re- 
gards antiseptic precautions as applied to the patient and all articles 
which are used by or come in contact with him. Also the method of 
earing for the discharges and emanations of the patient should come 
under the same rule. (See Prophylaxis.) 

The nurse should exercise average care to prevent the possibility 
of carrying the disease to others. After examining a case of measles, 
the attending physician should always wash his hands and apply some al- 
cohol, and before going to see another patient, he should always be out in 
the open for a while. In epidemic work in an institution, he should 
always wear a gown. 

The erroneous notion that water is harmful in cases of measles is 
common among the laity. Water may be used freely, internally and 
externally. Every patient should receive a daily cleansing bath of 
warm soap suds and water, throughout the disease. 

The diet in the average case of measles should be light, nutritious 
and easily digested. If the case 1s severe and gastro-intestinal symp- 
toms are present, we must modify the diet to meet the requirements 
of the ease. Plenty of fluids should be insisted on in all eases. Fruit 
juices and acidulated drinks are commonly acceptable to most patients, 
especially to children. 

In the beginning of the attack, the bowels should be well cleaned out. 
Calomel is one of the best agents for this purpose. It may be used 
alone or combined with other suitable drugs. It may be given in a 
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single dose or in broken doses, according to preference. The calomel 
should always be followed in a few hours by a dose of oil or a saline. 
Later an enema will usually suffice to keep the bowels open. 

The upper air-passages should be kept open and clean by the fre- 
quent use of warmed simple antiseptics in the shape of gargles or 
sprays. Solutions containing boric acid (one dram (4.0 grams) to the 
pint), carbolic acid (5 drops to the ounce), and bicarbonate of soda 
(one dram (4.0 grams) to the pint), are good agents for the purpose. 

The eyes should be washed out frequently with a warm boric acid 
solution or a normal saline solution. The presence of a cough will some- 
times require a few doses of one of the standard (N. F. or U. 8. P.) 
anodyne expectorants. 

Many physicians are in the habit of administering a few moderate 
doses of quinin in the invasional or early eruptive stages, partly for its 
influence on the fever and partly, as they claim, to bring out the 
eruption. For the latter effect, many use hot drinks, e.g., hot lemonade, 
afterwards covering up the patient with blankets. 

The writer recalls a justly celebrated pediatrist and medical teacher 
(long since dead) who always gave, as a routine measure throughout 
the disease, what he called his ‘‘fever mixture.’’ It is as follows: 


Sp. etheris nitrosl............ 000 £5 i (8 ee.) 

Potassii acetatis .............0000e 511 (8 grams) 

Aq. camphoree = 5s 2 

Lid. sabes acetatis tect f 3 iss (45 ec.) 

M. Ft. Sol. Sig.: Teaspoonful in water every four 
hours (for a child under 5 years of age; above 95 
years, increase the dose). 


He claimed that this prescription was of great value, in that it low- 
ered the temperature and increased the elimination of waste by the 
kidney route and protected these organs at the same time. 

To relieve the itching during the eruptive and desquamative stages, 
the body should be anointed daily (after the cleansing bath) with 
carbolized vaselin, 5 drops to the ounce. The period of convalescence 
should always be closely scrutinized for possible complications and 
sequele. 

(2) Treatment of Special Symptoms.—The Eyes.—The eyes should 
always be kept clean. They should be washed out once or twice a day 
in the average case. A medicine dropper or a piece of absorbent cotton 
may be used, and plain, warm water, normal saline solution or boric 
acid solution (2 to 5 per cent. or even a saturated solution) applied. 
The saturated solution or boracic acid may be used every few hours if 
necessary. If pus is present, a solution of argyrol 10 per cent. to 10 
per cent. should be dropped into the eyes, one or two drops every three 
or four hours, or according to indications. The margin of the lids may 
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be anointed with vaselin before the child goes to sleep, to prevent stick- 
ing 1 severe cases. 

Nose, Nasopharynx and Mouth.—Cleanliness and mild antiseptics 
are always indicated here: first, to inhibit the spread of the disease, 
as the secretions from these parts furnish the chief mode of the con- 
veyance of the disease; second, and equally important, to prevent com- 
plications. Congestion furnishes mechanical difficulties, e.g., plugging 
of the eustachian tube, and it also favors the implantation of other organ- 
isms on the part (mixed infection). We readily see, then, how important 
it is to keep these parts clean. In mild cases, simple substances used 
as gargles and sprays (by means of an atomizer) are effective, e.g., 
Dobell’s solution, boric acid, sodium bicarbonate, and various other 
mild antiseptic solutions. 

Chlorazene (chloramin), the new Dakin antiseptic, is being tried 
out rather extensively just now in epidemics in the army camps. It 
is used in a fresh 1-1,000 or 1-500 solution. It is to be freely sprayed 
into the nose, pharynx and throat every few hours. Pus on the tonsil 
or in the pharynx should be touched with nitrate of silver or other 
suitable agent. 

The following prescription makes an excellent gargle: 


Spts. vini rectificati | .- seiate 

e « eeeeou#eHe#ee#e 0 ewe 
Aq. menthe ene ‘ Su (00.0 ce.) 
Formalin .......<-eecesceenees £31 ( 40 ec.) 
Aq. destil. g. Ss. ad..........00.. f 5 vill (240.0 ee.) 


M. Ft. Sol. Sig.: Use as a gargle every 2 or 3 hrs. 
(full strength or diluted one-half in plain water). 


The Bowels.—The bowels should be opened at the start with calomel] 
and a saline as noted above. The indications after that would depend on 
the condition of the gastro-intestinal tract. If the tongue be clean and 
belly tlat, an enema every other day would suffice. If the reverse of 
these conditions obtain, there can be no objection to the use of simple 
purgation throughout the disease as needed. Occasionally diarrhea ap- 
pears. When this feature is present, the diet should be modified accord- 
ingly and the indicated remedies applied. 

Fever—A moderate degree of fever (103° or 104° F. [39.4° or 
40° C.]) in this disease holds no especial significance. The temperature 
tends to reach a high point for only a very short time in most cases (from 
the last day or so of the prodromal stage until the eruption attains its 
maximum). Hydrotherapy is the best measure, by all odds, to combat 
the fever. Sponging with warm or tepid water is best. The full bath 
is left for extreme cases. Occasionally, just at the highest point of the 
fever, when the eruption is just blooming out and the child is restless, 
hot, coughing frequently and delirium seems near, it is legitimate to 
use the following prescription every two to four hours for two or three 
doses : 
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Codeine sulphatis ........ grain 4 (0.008 gram) 
Caffeine citratis .......... grain ss (0.032 gram) 
Acetphenetidini .......... grains iii (0.2 gram) 


M. Ft. Capsule No. 1. Sig.: One capsule every 2 
to 4 hours. This prescription is suitable for a 
child 5 years of age or older. 


One or two doses is usually sufficient to quiet the patient, reduce the 
fever one or two degrees and allow him to fall asleep. Coal tar deriva- 
tives are never used as a routine measure. Prolonged temperature, after 
the eruption is all out, is usually due either to a complication or to 
severity of the disease. Hydrotherapy, stimulants and the proper at- 
tention to the complication present, would meet the demands of the 
case here. 

The Ear.—Congestion and infiltration of the eustachian tube, and 
even earache, are quite common as special symptoms, and otitis media 
occurs very frequently. The best treatment is prevention. Spraying 
the nose and throat, relieving congestion and keeping the parts clean 
with chlorazene or other suitable antiseptics is best. If, in spite of 
these measures, there is some earache, dry heat may be tried, applied 
locally, or 5 per cent. carbolic acid in glycerin may be used. A few 
drops of this warmed and dropped into the ear every three or four 
hours is often efficacious. 

If the earache increases in severity, inspect the drum membrane fre- 
quently by means of the head mirror and ear speculum. If the symp- 
toms increase, with marked restlessness and rise of temperature, and 
if the drum membrane is tense, red and bulging, incise it in the lower 
posterior quadrant with a small thin-bladed bistoury (or paracentesis 
knife). After incision the pus, which flows out freely, should be wiped 
out every few hours with a soft pledget of cotton on an applicator. 
After the ear is cleaned, very gently wash out the ear with a small 
rubber syringe, using for the purpose a saturated solution of boracic 
acid in water. If the discharge should suddenly cease, the symptoms 
increase and the temperature jump up, with swelling and tenderness 
appearing behind the ear, the mastoid cells have likely become involved 
and a mastoid operation may be necessary. 

The Skin—Mention was made above of measures to bring out the 
eruption, e.g., quinin internally, sinapism to the chest, hot drinks and 
blankets, ete. While many of us use such measures infrequently or 
not at all, still we have no legitimate reasons for bitterly condemning 
them, so long as they do not injure the patient in any way, as it is 
commonly conceded by most clinicians that the case does best in which 
the eruption follows the type in both time and appearance. On the 
other hand, when the eruption is ‘‘driven in,’’ as the laity say (inward 
measles), i.e., if it fails to come out, the cases are severe and complica- 
tions are more likely to occur. For example, a young child is frequently 
brought to the outpatient clinic of a hospital in bad weather, in the 
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late prodromal stage of measles. (We make a tentative diagnosis at the 
time and the subsequent history of the case verifies it.) The eruption 
is tardy and imperfect and the clinical course of the disease is stormy. 
The intense itching is to be relieved by bicarbonate of soda solutions, 
one dram to the pint, or carbolized vaselin, 5 drops to the ounce. Olive 
oil and oil of eucalyptus, equal parts of each, applied daily, is good 
to relieve the itching and it likewise protects the skin during desqua- 
mation. 

Air-Passages.—(a) Laryngitis —This is a very common symptom in 
the early part of measles. It is very easily recognized by the croupy, 
stridulous character of the breathing and voice sounds. Local appli- 
cations are very efficacious, compresses, either hot or cold. Ice-water 
cloths applied for a few minutes at a time is about the best method. 
Inhalations by means of a croup kettle and tent, of compound tinc- 
ture of benzoin and oil of eucalyptus (of each a teaspoonful to the 
quart of water) are effective. Sprays may be used in the same way. 
When edema of the larynx is present, incorporate in the spray enough 
adrenalin chlorid to make a 1-20,000 solution and use it frequently. 
Scarifying or loca] blood-letting and even intubation are measures 
that are resorted to in extreme cases. If marked laryngitis should occur 
late in the disease, suspect diphtheria, and make a diligent search for it. 

(b) Bronchitis —Mild bronchitis with a dry, troublesome cough is 
often present as a prodromal symptom even. It may persist all the 
way through or appear at any stage of the attack, or even remain as a 
sequela after the attack is gone. The measures mentioned under laryn- 
gitis may be useful in the beginning of bronchitis. Mustard paste, or 
cold compresses alternating with heat, are useful at times. The cough 
which prevents rest and sleep must be controlled. The sulphate or phos- 
phate of codein (grains'/,,, 14, or 14, according to age) (grams 0.004, 
0.008 or 0.016) is the most efficacious remedy. 

If the child is old enough to expectorate, we use some of the simple 
anodyne and sedative combinations of the United States Pharmacopeia 
or National Formulary. A suitable dose of codein may be added to 
each dose of the above, if necessary. In the severer types in small 
children, say under three years, use strychnin sulphate (grains '/s4), 
apomorphin hydrochlorid (grains '/,.. every three or four hours, with 
nourishing food and support. If the patient 1s an adult or even an 
older child, use some of the stimulating expectorants, e.g., Syrup of hydri- 
odic acid, tablespoonful every four hours. 

Minute amounts of codein may be added to any of the above, if the 
character of the cough demands it. A cough which drags along into 
convalescence and even increases in severity suggests tuberculosis or 
bronchopneumonia. Pneumonia, most commonly bronchopneumonia (0c- 
easionally the lobar type), may occur as a complication of measles. 
(For the treatment of either type, see articles on these diseases. ) 

The Kidneys—Albumin is almost universally present in measles. 
In the adult, casts are frequently found also. True nephritis is a 
possibility at any time. The urine should be kept bland and abundant, 
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which can be accomplished by protecting the skin and administering 
plenty of fluids, especially water. The ‘‘fever mixture’’ prescription 
mentioned above is likewise useful. If nephritis arises, the appropriate 
treatment should be administered. 

The Heart.—It is very uncommon for this organ to be involved by 
the disease under consideration. The average doctor practicing in a 
small place might go a lifetime and never see a case. The man of large 
experience will encounter a case occasionally. The order of frequency 
of involvement of the cardiac structures is as follows: first, endocarditis ; 
second, pericarditis; third, myocarditis. (For treatment, see chapters 
on the Heart.) 

The Nervous System.—The nervous manifestations most frequently 
encountered in measles are physiologie or functional in character. They 
are prone to occur at the acme of the disease or in severe cases. They 
are usually toxic manifestations, viz., irritation of nerve centers, pro- 
duced by the presence of the toxins of the disease. The patient may be 
restless, highly nervous and tossing about, unable to sleep; occasionally 
he lapses into a muttering, incoherent, semidelirious state. Hydro- 
therapy properly applied usually relieves the above. Sometimes we 
make use of the bromids or the following prescription: 


R 

Codeine sulphatis ........ grain 44 (0.008 gram) 

Caffeine citratis .......... grain ss (0.032 gram) 

Acetphenetidini .......... grain iii (0.2 gram) 

M. Ft. Capsule No. 1. Sig.: One every 2 to 4 hours 
for 2 or 3 doses. (This prescription is suitable 
for a child 5 yrs. of age or older.) 


If coma is present, we have passed the above stage. The indications 
now are to support, stimulate and eliminate. Still more rarely we may 
have meningitis, neuritis, ete. 

Prognosis.—In the average case the prognosis is good. However, in 
view of the special knowledge which physicians have of this disease, 
experience would teach us to make a reserved or guarded prognosis. 
By the laity, measles is regarded as a simple disease. Ordinarily they 
will say, expose the child and let him have the disease and be done with 
it. Our experience and the trend of the literature of the subject teach 
us to be more careful. | 

The mortality varies in different epidemics and the percentages given 
in the textbooks varies anywhere from 3 to 50 per cent. The prognosis 
has always been found to be grave when the disease is introduced for 
the first time into an isolated community. 

To give us some true conception of the possibilities which this dis- 
ease has as regards severity and mortality, it will be profitable for us 
to glance in a cursory way at the history and behavior of some of the 
great epidemics that have occurred in various parts of the world. espe- 
cially in savage and uncivilized lands. (See writings of Hirsch.) An 
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epidemic occurred along the course of the Amazon River in 1749 and 
about 30,000 of the natives died. An epidemic occurred in the ITudson 
Bay district in 1846. Fully 50 per cent. of the native Indians had the 
disease severely and the mortality was high. In the Fiji Islands an 
epidemic occurred (described by Squire and Cruikshank) and 20,000 of 
the natives died, or about one-fourth of the population, roughly speaking. 
The disease was so severe that the natives fled in terror, deserting their 
own sick. Dysentery and congestion of the lungs of the severest forms 
existed as complications. According to the literature in some of the 
temporary hospitals in the vicinity of Paris (at the time of the Franco- 
Prussian war in 1871) the mortality from measles reached as high as 
4() per cent. Exposure to the elements, unhygienie and unsanitary sur- 
roundings, the absence of proper care, food and medical attention, all 
played a part, of course, in determining the severity of the epidemics 
just referred to. 

The above citations, selected almost at random from the exceedingly 
rich literature of the subject, serve in a very forceful way the purpose 
of impressing upon our minds the possibilities of measles under certain 
circumstances. Furthermore, physicians of the present generation who 
have had opportunities for wide experience in epidemic diseases will 
vouch for the statement that all the terrors and possibilities of measles 
are not confined to the literature of the past. The whole question, 
then, of the prognosis of measles is not so simple a proposition as it 
first appears to be on superficial examination; much depends upon the 
type and character of the individual epidemic. And perhaps still 
more depends upon the attendant circumstances which surround and 
accompany the epidemic. 

The prognosis is likewise usually bad when this disease breaks out 
in army camps, barracks, prisons, etc. The presence of severe com- 
plications also raises the mortality percentage and adds to the gravity 
of the prognosis. 

Pathology.—There is very little true pathology in this disease and 
that pertains chiefly to the skin and mucous membranes, and even 
this disappears when death occurs. The pathology, therefore, in most 
eases is that of the complications and sequelw. There are, however, 
definite changes in the skin and mucous membranes. First, in the 
skin: There -is present an hyperemic process of the superficial vessels 
of the skin with dilatation and extravasation of blood elements. A round- 
celled infiltration takes place, the sweat and sebaceous glands are dilated 
and their coils are packed with round cells. Small hemorrhages may 
occur and colloid degeneration of cells takes place, which is supposed 
to account for the appearance of the papille. There is likewise a 
eatarrhal process of the mucous membranes, namely, hyperemia and 
extravasation of blood elements, denuded epithelium, the presence of 
blood-cells and possibly minute ulcerations. The so-called black or septic 
types of measles are most likely due to an hemolytic streptococcus. 
They are characterized by rapid blood disintegration, marked sub- 
cutaneous hemorrhages with such parenchymatous changes as are found 
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in grave septic processes, e.g., in the liver, spleen, kidneys and possibly 
even the heart. 

History.—This disease comes to us out of the remote past; its origin 
reaches back perhaps into unknown antiquity. It occurred in epidemic 
form throughout Asia and Europe and was carried to America by the 
early settlers. Thence, by the streams of exploration, immigration and 
commerce, it spread to South America, Africa, Australia and even to 
the Islands of the Sea. The etymology of the term ‘‘measles’’ is not 
well nor definitely worked out. The following are some of the sources 
to which it is traced: From ‘‘Maselen’’ (Dutch); from ‘‘Masern’’ 
(German); from ‘‘masura’’ (Sanskrit), masura meaning spots; and 
from ‘‘maselen’’ (Fourteenth Century English), ete. 

What appears to be a fairly intelligible description of both measles 
and small-pox was first found in the writings of one Ahrun, a native of 
Alexandria, a physician by occupation (and a priest also, it seems), 
A. D. 610 to 641. The first approximately adequate description of 
measles is accredited to Rhazes, A. D. 900, and about equal credit 
is given to Avicenna, A. D. 980 to 1037. Rhazes called the disease 
‘‘hhasbah’’ and indicated its separation from smallpox. Wither- 
ing definitely distinguished measles from small-pox in 1792. Thomas 
Sydenham (an Englishman) by his brilliant articles drew a distinct 
line between scarlet fever and measles in 1655, 

The term ‘‘rubeola’’ (meaning red) is from the Arabic and was sup- 
posed to have been applied first by Haly Abbas in the latter part of the 
tenth century. This appellation was in turn replaced by the term 
‘‘morbilli’’ (Italian), meaning little disease (as compared to small-pox 
with which it was at that time so frequently confused). The term ‘‘mor- 
billi’’ remained in use until well along in the Eighteenth Century, when 
Sauvages suggested a return to the use of the term ‘‘rubeola,’’ which sug- 
gestion was adopted by Cullen and Willan. The term ‘‘rubeola’’ is now 
the recognized and accredited name for this disease among all English- 
speaking races. 
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Definition.— Rubella may be defined as an acute, specific infectious 
disease of unknown origin, characterized by a rather long incubative 
period, short or absent prodromes, mild faucial catarrh, enlargement of 
the cervical glands and a polymorphous eruption. 

Etiology.—Just as in the case of rubeola, so in this disease we may say 
that climate, season, altitude, soil, sex, race and heredity seem to exert 
little if any influence. Exposure to cold lowers resistance and thus acts 
as a predisposing factor. The same may be said of overcrowding, filth, 
lack of light and poor hygienic surroundings generally. Rubella is 
essentially a disease of childhood; it is uncommon during the nursing 
period; fully 75 per cent. of the cases occur under 15 years of age. 
The disease is rare after puberty, and almost unknown after forty. (One 
or two cases reported in the literature at 70 years.) Clinically speaking, 
one attack of this disease is supposed to confer immunity. As a rule, we 
look upon the report of second attacks as mistakes in diagnosis. (Sec- 
ond attacks are possible, but their occurrence must certainly be very 
rare.) The organism producing this disease has never been isolated. 
The chief mode of conveyance is by direct contact. Individuals coming 
in contact with the disease may act as carriers, even when they do not 
contract the disease themselves. Towels, clothes, handkerchiefs, bed- 
clothing, etc., coming in contact with and having been soiled by the 
patient are capable of carrying the disease. The chief clinical method 
of conveyance of this disease is undoubtedly the secretions from the 
mouth, nose and throat. 

Symptomatology.— We shall consider the symptoms under the fol- 
lowing heads: (1) Incubation; (2) Invasion; (3) Eruption; (4) Des- 
quamation. 

(1) INCUBATION.—When we attempt to fix a definite and scientific 
time-limit for the incubative interval of this disease, our difficulties are 
many and serious. In the first place, it is highly probable that the pre- 
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incubative interval may be rather long in this disease, i. e., the specific 
organisms may gain entrance into the system but may remain localized, 
say in the mucosa of the bronchial tubes, before they invade the general 
system via the systemic circulation. They have not as yet reached 
their especial selective tissue. The true incubation has not begun. 
Secondly, the prodromal period of this disease is notoriously untrust- 
worthy. It eludes all of our attempts to classify it definitely. Occa- 
sionally, though infrequently, it may last three or four days. More 
commonly it lasts only a few hours. In many instances it is apparently 
absent altogether. This difficulty is a real one and helps to make our cal- 
culations untrustworthy. Again it may be that the life-cycle of the 
causative organism is unusually long as compared to the life-cycle of 
some of the other infectious agents belonging to this group. To illus- 
trate, the life-cycls of the scarlet fever organisin (reasoning from clini- 
eal grounds) must be quite short, while in the case of the disease under 
discussion the life-cycle may be long. We frequently have opportunity 
(especially in epidemics) to note that a healthy child was definitely 
and positively exposed to this disease at a certain time, and we may note 
the appearance of the first symptoms. This is about as close as we 
can get to the problem. Even this procedure does not take into account 
the possible error due to the variability of prodromes. A series of 
successful artificial inoculations, carried out according to rigid scien- 
tifie requirements, would help us to some extent in our difficulty, but 
we have no such data. By common agreement the time-limit of the 
incubative interval of rubella is placed at from two to three weeks. 

(2) INVASIONAL OR PRODROMAL STAGE.—There is no such thing as 
a definite characteristic group of symptoms pertaining to this period. 
As a general rule the symptoms are mild in character and of short 
duration—12 to 48 hours—rarely 48 hours or longer; e.g., the child does 
not feel well, a slight headache is complained of, and if the temperature 
is taken at this point we usually find a slight rise present (99° or 
100° F. [37.2° or 37.8° C.]). There is a fairly constant and definite 
enlargement of the lymphatic glands about the neck, the posterior auric- 
ular, anterior cervical, the submaxillary or all of these groups may be 
involved, Occasionally a sore throat presents itself, or it may be a mild 
conjunctivitis; again hoarseness with a brassy cough (mild bronchitis) 
may present as a prodromal symptom. 

A strong, healthy, robust child may not complain at all. The symp- 
toms are overlooked. Hence, some authors speak of cases without prodro- 
mal symptoms, the rash being in such cases the first symptom to present 
itself. The writer, in his experience with epidemics of rubella occur- 
ring among children in an institution, has taken occasion to watch and 
tabulate, with the assistance of a trained nurse, the symptoms of the 
prodromal period. The method pursued was as follows: After the 
appearance of a case of this disease, all of the exposed children (eating 
at the same table and playing and sleeping in the same dormitory) were 
inspected, interrogated, their throats examined and temperatures taken 
daily up to the time of the appearance of the eruption; with this method 
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symptoms were unearthed that under ordinary circumstances would 
have passed unnoticed. The commonest symptoms noted in mild cases 
were headache, slight malaise, enlarged glands, and some temperature. 
It was astonishing how frequently we found (12 to 24 hours before 
eruption) a temperature of 99° or 99°, F. (37.2° or 37.2°, C.), 
practically never over 100° F. (37.8° C.). The prodromal period may 
be prolonged, e.g., cough and hoarseness with bronchitis and a tempera- 
ture of from 100° to 103° F. (37.8° to 39.4° C.) may be present for 
two or three days before the eruption comes out. Very rarely we en- 
counter an instance in which general or systemic symptoms are pro- 
nounced and severe in the prodromal stage. There is always some 
redness and congestion about the mucosa of the upper air passages, with 
a tendency to the appearance of some irregular slightly elevated red- 
dish spots (the enanthem). This latter, however, is in no wise char- 
acteristic. Finally, it is to be remembered that any svmptom of rubeola 
(measles) in the prodromal stage may be duplicated by rubella in the 
same stage. Fortunately, however, in rubella the given symptom is 
much milder and there is no definite and characteristic group of symp- 
toms. 

(3) Eruption.—The eruption of this disease usually appears 
promptly after 24 hours (or rarely 48 hours) of mild prodromal symp- 
toms. Many authors speak of it as the first symptom to appear. More 
properly speaking it is often the first symptom to attract attention. 
Whenever we have a definite eruption it is practically certain that 
some mild prodromal symptoms were present, although they may have 
been overlooked or disregarded. The mild erythematous reddening or 
suffusion of the face which is so common in measles a few hours before 
the appearance of the eruption, never appears in rubella. The erup- 
tion comes out promptly, showing first about the face, then the trunk, 
next the arms and legs, the order of the appearance of the eruption 
being practically the same as it is in measles. The eruption passes 
from the macular to the maculo-papular (sometimes entirely papular) 
stage, the individual spots are from a pinhead to a split pea in size, 
usually smaller than the spots of measles. As a rule, the spots are more 
discrete; there is not much tendency to confluence. The color is usu- 
ally not so bright a red—more of a faded rose. The eruption covers 
the body quickly, usually in 24 hours, rarely over 48 hours. Likewise 
the spots fade rapidly, beginning about the face first, thence on down 
the body, following the order of the appearance of the rash. Often- 
times the spots are fading on the face when they are at their height 
on the legs. The duration period of the rash is in the average case 
three days. (Often a shorter period, rarely a longer one.) 

The above is a fairly accurate picture of the average rubella eruption. 
Let us now turn our attention to some of the anomalies or irregularities 
of the rash of this disease. The eruption is sometimes fugitive in charac- 
ter or even absent; only a few spots may show on the chest or back, 
quickly fading. Cases reported in which there was no definite eruption 
discoverable are certainly well authenticated. It is not uncommon in 
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epidemics where a number of children are taken sick at about the same 
time, most of them showing the usual eruption. To note a case with 
malaise, enlarged glands, slight fever and some catarrhal symptoms 
without eruption, under the circumstances mentioned above, there can 
be no reasonable doubt as to the diagnosis; however, another possible 
way of accounting for this rare condition presents itself—as the eruption 
is fugitive in character, lasting only a few hours, the physician did not 
get an opportunity to see it. If the case should occur in the physician's 
own family, where opportunity would be afforded to examine the naked 
body of the child daily throughout the illness, it is more than likely 
that some spots would have been detected at some time. The eruption 
may bloom out all at once, occurring on all parts of the body simul- 
taneously. Occasionally the eruption may show only on one area or part 
of the body, e. g., the chest. The rash in this disease shows no special 
tendency to become congregated into clumps or blotches. Relapses 
or recurrences in which a second or even a third crop of eruption comes 
up are oceasionally encountered, the interval being usually from a few 
days to two weeks. 

We noted in the definition of rubella that the disease was character- 
ized by a polymorphous eruption. Accordingly some authors mention 
the morbilliform type (the type which resembles measles). This is the 
common type, and it must be admitted that rubella does seem to bear 
some close relationship to measles. Many of the older writers were of 
the opinion that rubella was a sort of hybrid form of measles. 

Next we read of the searlatiniform type, where the eruption very 
closely resembles scarlet fever, rendering diagnosis difficult in some 
instances. We note in the literature of the subject reference made to 
observers who thought that rubella might be a mixture of measles and 
searlet fever (so-called mixed type), with mention of particular cases 
in which the eruption resembled measles on one part of the body and 
scarlet fever on another. Regarding this phase of the subject, we may 
safely make the following generalizations: First, that in the greater 
pereentage of all cases, the eruption resembles very closely that of 
measles ; ‘second, that the cases in which the eruption resembles that of 
scarlet fever (to the degree that diagnosis becomes difficult) are to be 
considered as relatively rare, although we must admit that we do see 
fairly frequently cases in which the spots are wholly macular, of a 
faded or wild rose color (not the fiery red of scarlet fever), varying in 
size from a pinhead to that of an adult’s finger-nail. 

The progress of other symptoms during the eruptive stage are as 
follows: 

Fever.—It 1s quite characteristic in the eruptive stage to have some 
temperature, although often slight (rarely over 100° F. [37.8° ©.], but 
occasionally reaching 102° or 103° F. [38.9° or 39.4° ©.]), and of short 
duration. This fever has no characteristic curve and no peaks or high 
points. The temperature usually shows in the prodromal stage and 
tends to rise slightly until the eruption reaches its acme, then 
quickly declines coincidently with the eruption. The above is the 
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usual course. If we have complications, or if the individual resistance 
1s poor, or the infection severe and the disease prolonged, the fever 
behaves accordingly. 

Catarrhal Symptoms.—Catarrhal symptoms, if present in the inva- 
sional period, persist throughout the eruptive period or even longer; 
or they may first present themselves with the eruption and remain 
after it has faded. A coryza of the nasal passages, redness and sore- 
ness of the throat, laryngitis, slight hoarseness and mild bronchitis 
constitute the symptoms commonly seen under this heading. The eye 
ordinarily escapes. It may be slightly reddened; some epidemics are 
reported in which a rather severe conjunctivitis was a prominent symp- 
tom. Therefore, coneerning the catarrhal symptoms, we may say that 
it is possible to have in this disease anv catarrhal symptom that is 
found in measles; likewise its grade of severity may be the same. Rarely 
do we have a group of symptoms. It may be the eye, the nose, the 
pharynx or the bronehial tubes, any one of these singly. Frequently 
eatarrhal symptoms are slight or absent, and they are never sufficiently 
dependable to be of diagnostic value in this disease. 

Glandular Enlargement.—Enlargement of the posterior auricular, 
anterior cervical or submaxillary glands, any one or all of these groups 
may participate in the process. Some enlargement is present in from 
00 to 7a per eent. of all cases of rubella. (Some observers say 90 per 
cent.) This symptom shows during the invasional stage and_ lasts 
throughout convalescence, sometimes even longer. These glands gen- 
erally undergo resolution, rarely do they suppurate. When suppura- 
tion does take place it is the result of mixed infection. In a few instances, 
in severe cases, the glands of the axilla and groin have participated 
in the enlargement. Enlargement of the cervical glands is sufficiently 
characteristic of this disease to be considered a symptom of diagnostic 
importance. 

(4) DeEsguamMaATIoN.—As the eruption fades, usually the accom- 
panving symptoms lhkewise disappear, and these events bring us to the 
threshold of the period of desquamation. It is unusually short and 
uneventful. In the average vase the skin shows a type of discoloration, 
often having the appearance of a brownish stain (the remains of the 
eruption). This stage lasts two or three days in very mild cases and 
a week or ten days in severer cases. The phenomena of this period will, 
of course, vary with the severity of the disease and particularly with the 
amount and type of the eruption. A marked eruption will show con- 
siderable discoloration of the skin and most commonly a fairly per- 
ceptible branny or scaly desquamation. With a milder character of 
eruption, the desquamation is less marked or imperceptible. The en- 
largement of the cervical glands remains throughout this period and 
sometimes considerably longer. 

Diagnosis.—The diagnosis in the average or type-case of rubella’ 
is to be made in the main by consideration of the following points: 
(1) the absence or mild character and short duration of the prodromal 


stage; (2) the characteristic enlargement of the cervical lymphatics; 
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(3) the eruption—its rapid appearance, its polymorphous character 
and its rapid subsidence; (4) the extremely mild character and short 
duration of the whole process, and its comparative freedom from com- 
plications and sequelew. The laboratory does not furnish us with any 
data of importance in making the diagnosis in this disease. Diagnosis 
in sporadic cases is sometimes entirely impossible. For the differential 
diagnosis between rubeola, rubella and scarlet fever, see the accom- 


panying table. 


DIFFERENTIAL DIAGNOSIS OF RUBEOLA, RUBELLA AND 


SCARLET FEVER 


RuBEOLA 


















10 to 14 days. 


PERIOD OF 
INCUBATION. 

Coryza of upper air-pas- 
PRODROMAL sages (marked). Cough, 
SyMPTOMB. conjunctivitis, moderate 


fever. 
TIME OF 
APPEARANCE 
or ERUPTION. 


4th day (rarely later) on 
the face and neck. 


APPEARANCE 
AND DEVELOP- 
MENT OF 
ERUPTION. 


Macule then papule size, 
split pea to that of a bean. 

-olor—red, changing to a 
dusky or violet shade; spots 
show in groups or clusters. 
The eruption shows over 
entire body (usually). Dur- 
ation 4 to 5 days. 


ERvPTION OF 
Mucous 


acteristic, especially “‘Kop- 
MEMBRANES. nm 


lick’s spots. Small pin- 
head-sized, reddish spots 
capped by minute bluish- 
white points, shown best on 
cheek opposite molar teeth. 
Present 24 to 48 hours be- 
fore skin rash. 


Proportionate to severity 
of eruption. 


ConstiTv- 
TIONAL SYMP- 
TOMS. 


Fever-curve has two 
peaks or high points, one 
about the middle of the 
invasional period; the other 


FEVER. 





Desqua- Branny scales, the rule 


MATION. being 5 to 7 days. 
Comp.ica- Air-passages, ear, eye, 
TIONS AND kidneys. 

SEQUEL. 

INOCULA- Secretions from the nose, 
BILITY. mouth and throat. 


The blood 


Often absent (7?) 


Well-marked and _ char- 


at the full bloom of the rash. 





RUBELLA 


14 to 21 days. 


mild 
catarrh, sore throat, cervi- 
cal glands enlarged = al- 
most constantly. 


2nd day. rae or upper 
part of trun 


ae 


Eruption polymorphous. 


Common type; resemble 
measles; spots are not so 
red nor 80 large, evenly dis- 
tributed—no groups nor 
clusters. 2nd type macular, 
faded rose color; size, pin- 
head to finger-nail. Erup- 
tion disappears in 2 to 4 
days. 


Slight maculo-papular- 


enanthem, about same time 
as skin-rash (or slightly 
before, neither character- 
istic nor diagnostic). 


In average cases, very 


little if any. 


Very slight as a rule, be- 
ginning s few hours before 
the rash; reaches its highest 
point as rash comes out. 


Usually hardly perp 


may show fine 


tible; 
3 to 5 7 a 


scales. 


In the average case, none. 


Secretions from the nose, 
mouth and throat. 
The blood 


eres eT ete, 


Nee A ee 


SCARLET FEVER 


2 to 5 days. 





Short duration, head- 
ache, high temperature : 
sore throat, rapid pulse. 


24 to 48 hours; neck and 
chest. 





Punctate, piobenecly red 
or fiery red. Slightly 
rough to the touch. Con- 
fluent, appears continuous 
(a reading glass will show 
tiny points of white skin all 
through the eruption). Re- 
gion of mouth and nose free 
of eruption. 


Sore throat, tonsils en- 
larged “Strawberry 
tongue.”’ 





Usually severe; all sym 
toms increase with the 
eruption. 


Usually high; appears 
even before the Tash, rises 
with the rash and constitu- 
tional symptoms and usu- 


ally disappears with them. 


Begins in 6 to 10 days. 
A characteristic symptom. 
Occurs as flakes or strips, 
sometimes even casts. 
There may be 2 or 3 crops 
of it. 

Nephritis; 


ear, throat. 


Secretions from the nuse, 
mouth and throat. 
The blood. 





Complications and Sequel#.—In this disease complications and 
sequels: occur infrequently. It is the rule for cases to recover promptly 
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without further difficulty. Speaking, then, from a broad clinical stand- 
point, we have only a very small percentage of complications and 
sequela. A debilitated condition, a severe epidemic, exposure or lack 
of attention during the attack, all favor the development of compli- 
cations and sequele. The following are some of the conditions occa- 
sionally encountered: (@) in the mouth and throat: stomatitis, tonsillitis, 
pharyngitis, catarrh of the eustachian tubes with ear-ache and_pos- 
sibly otitis media; (b) in the air-passages: laryngitis, bronchitis and 
pneumonia ; (c) in the nervous system in malignant cases we occasionally 
have high fever, rapid prostration and convulsions or delirium; (d) in 
the urinary system: attacks of true nephritis are occasionally encoun- 
tered as sequele of this disease. 

Treatment.—PRopHylAxis.—Our experience in epidemics teaches us 
that this disease is readily transmissible. We have every reason to 
believe that the causative agent is a filterable virus. We are quite 
sure that the disease is transmitted chiefly by the secretions of the nose, 
mouth and throat of a diseased individual. The microérganism is cer- 
tainly in the blood. It is a fairly sure conclusion, however, that it is 
chiefly the secretions of the nose, mouth and throat that we have to watch 
in particular. The mode of transmission is most commonly direct from 
person to person. We know, however, that it is transmitted indirectly 
through articles, clothing or fomites recently soiled with the secretions 
and discharges mentioned above. It is probable that the organisms do 
not. live longer than about 10 days on the soiled articles or fomites. 
Some authors claim that the organisms may live as long as from 20 to 
30 days on soiled articles, as, for example, bedding. 

The disease is communicable from the very earliest catarrhal svmp- 
toms (or even before that), until all traces of secretions have disap- 
peared from the nose and throat. 

With the above as a summation of our actual knowledge regarding 
the causative agent, its method of transmission and its period of com- 
municability, we may formulate methods of control which will apply 
to the individual himself and likewise to the community of which he is 
a member. 

The methods commonly used to prevent the spread of acute infec- 
tious disease are, in general, about the same everywhere. We can do 
no better than accept the rules laid down for the control of com- 
municable diseases in the report of the American Public Health Asso- 
ciation Committee on Standard Regulations Appointed in October, 1916. 


They are as follows: 
‘“MeTHODS OF CONTROL 


(A) The infected individual and his environment: 

“1. Reeognition of the disease: Clinical symptoms. 

‘“‘O. Isolation: Separation of the patient from non-immune 
children and exclusion of the patient from school and public 
places for the period of presumed infectivity. 

‘*3. Immunization: None. 


308 RUBELLA 


‘*4. Quarantine: None except exclusion of non-immune chil- 
dren from school and public gatherings, from the eleventh to 
the twenty-second day from date of exposure to a recognized case. 

‘*5. Concurrent disinfection: Discharges from the nose and 
throat of the patient and articles soiled by discharges. 

‘*6. Terminal disinfection: Airing the clothing. 

‘‘(B) General measures: None.’’ 


CURATIVE TREATMENT.—Generally speaking, this is a very simple 
matter; little if any treatment is required in the majority of cases, 
as the child is not sick enough to go to bed. In the average case, 
a child should be confined to the house, the bowels should be opened 
with broken doses of calomel followed by a saline. The diet should be 
modified according to the severity of the case. Water should be taken 
freely at all times, and the body should be kept clean by a daily bath. 
Protect the skin by anointing daily with carbolized vaselin (carbolic 
acid drops 5 to vaselin 1 oz.) or oil of eucalyptus and olive oil, equal 
parts of each. During the three or four days of active symptoms in this 
disease, many clinicians are in the habit of using (especially in young 
children) sulphate of quinin disguised in chocolate syrup (strength 
grains li or li of quinin (0.13 to 0.2 grams) to a teaspoonful of 
syrup). Dosage is a teaspoonful every four hours. If the urine is 
scanty and red and there is pain in passage, the following prescription 
will be found beneficial : 


ly 
Sp. etheris nitrosi .............. f 51 (8 ce.) 
Potassil acetatis ................. » 11 (8 grams) 


Lik. ammonii acetatis| Alec acdsee as f 3 iss (45 c.e.) 
Aq. camphore i 
M. Ft. Sol. Sig.: Teaspoouful in water every four 
hours. 
(Suitable for a child 4 to 8 years of age.) 


For the treatment of special symptoms see similar heading under 
measles. 

Prognosis.—The prognosis in this disease is, generally speaking, 
good. It is the simplest, and, from the standpoint of clinical mani- 
festations, the mildest of the acute exanthematous diseases. Deaths in 
uncomplicated cases occur with extreme rarity. The simple character, 
mild symptoms and the short duration of the average case of rubella 
constitute one of its danger points. The child is not sick enough to go 
to bed; the eruption is fugitive, lasting only a day or so; the family in 
many instances do not call a physician to see the case, they make a 
diagnosis from other cases in the neighborhood. Such cases are not 
properly cared for; they are not put to bed, often not even confined to 
the house. They, perhaps, are allowed to play out of doors constantly 
and are exposed, get chilled, ete., and in about two weeks the family 
doctor is called. He finds that the child has an acute endocarditis, or 
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otitis media or an acute parenchymatous nephritis. When the disease 
occurs in an epidemic form among poor and ignorant people who live 
amid unhygienic and unsanitary surroundings the prognosis increases 
in gravity and the mortality is correspondingly higher. The presence 
of severe complications and sequele increases the gravity of the prog- 
nosis. Some epidemics have been reported with a death rate of from 
2 to 4 per cent. 

Pathology.—This disease has no characteristic pathology. The erup- 
tion was fully described above, likewise the characteristic catarrhal proc- 
esses which are prone to occur in the mucous membranes of the respira- 
tory and gastro-intestinal tracts are analogous to those which occur in the 
same anatomical situation in rubeola, though as a rule they are much 
milder. They have received attention under the proper headings. The 
pathologic changes found present in complications and sequele do not 
per se belong to this disease. They are discussed elsewhere. 

History.—The history of this disease is shrouded in confusion on 
every hand. There is hardly any disease concerning which the opinions 
of competent and careful clinicians show such a great degree of variance. 
Many have denied the very existence of this disease; others regard it as 
a form of attenuated measles, still others as an hybrid of measles and 
scarlet fever. 

The epoch-making work of certain observers has given us a clean-cut, 
universally accepted clinical picture of measles and scarlet fever. No 
such results, however, have been attained in the case of rubella. Every 
symptom of the disease is subject to great variation. The rash, the 
strongest and most prominent symptom of the disease, is no exception to 
the above rule. In fact, the multiform character of the rash has always 
proven to be a universal stumbling-block. Certainly the type resembling 
measles (rubeola-form or morbilli-form type) is by all odds the com- 
monest. The macular type (the spots varying in size from a pinhead 
to that of an adult finger-nail, and exhibiting a faded or old-rose color) 
may some day be distinguished as a separate disease. Dr. Clement 
Dukes, an English physician, in July, 1900, described what he called 
‘‘the fourth disease.’’ His views are noted by almost every writer, but, 
accepted as proven by none. Bergen, a German physician, in 1752, was 
undoubtedly one of the first men to present the claims of this disease 
as a distinct entity. Sufficient grounds for establishing this as a fact is 
commonly accredited to Maton, an English physician, who, in 1819, 
pointed out the pertinent facts—that one attack of this disease fur- 
nished immunity ; it did not, however, protect the individual from either 
scarlet fever or measles and, conversely, having had scarlet fever or 
measles or both, did not protect against this disease. Rubella occurs 
in epidemics, and, as is often the case under such circumstances, pre- 
sents fairly constant characteristics. The name rubella (diminutive 
for rubeola) was first proposed by Veala in 1866. The Germans still 
give to this disease the name of rubeola. Among English-speaking peo- 
ples the correct scientific term for the disease under discussion is 


rubella. 


CHAPTER XV 


PAROTITIS EPIDEMICA 
(Mumps) 


By Wiuuiam A. JENKINS, A.M., M.D. 
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321—Treatment, p. 322—Prophylaxis, p. 322—Curative treatment, 
p. 323—Convalescence, p. 326—Prognosis, p. 326—Pathology, p. 
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Definition.—Parotitis epidemica is an acute specific infectious dis- 
ease of unknown origin, characterized clinically by an involvement of 
the salivary glands, chiefly the parotid, and a tendency to invade 
glandular structures elsewhere in the body, especially the glands of 
the genital tract, notably the testes in the male. 

Etiology.—(1) Prepisposinc Causes.—Cold, climate, season, altitude, 
soil and race seem to exert no influence whatever as predisposing factors. 

Sex.—As a rule, most authors say that mumps is more frequent 
among males; we must remember, however, that most of our statistics 
are taken from male schools or from army barracks and camps. If 
we take a view of the disease in its entirety and consider epidemics 
everywhere, it is doubtful if we can substantiate this assertion. 

Age.—Cases have been reported in which a child was born with 
mumps in an active stage, as, e.g., a case, where the mother developed 
mumps at the eighth month of pregnancy and her child, born at full 
term, had enlargement of the parotids and difficulty in swallowing. In- 
stances of this sort are, of course, rare. The disease in this instance 
had been transmitted through the placental circulation. Mumps may 
be said to be rare under four years. The period from four to fifteen 
years is the most favorable time for this disease to appear. This is 
especially true in civil practice. Cases in young adults are fairly 
common in the epidemic form in schools and army camps, but rela- 
tively uncommon in civil life. 

Mumps rarely attacks an individual past middle life; however, 
eases are occasionally reported. Heredity or family predisposition is 
never a factor. Fatigue, hardships and exposure, coupled with over- 
crowding and poor hygienic surroundings, generally all act by lowering 
resistance, and thus secondarily they become predisposing factors. One 
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attack usually confers immunity, but cases are reported in which there 
were second or even third attacks. Relapses are uncommon, but do 
oceasionally occur, as the literature of the subject will verify. 

(2) Excrrine Causes.—We have every reason for placing this dis- 
ease in the class of acute infectious diseases, for it is contagious or 
transmissible, it occurs in epidemics, it has an incubative interval, it 
has a definite clinical course, it is accompanied by fever and has pos- 
sibly a blood-picture, a lymphocytosis, which is perhaps both relative 
and absolute. 

The specific microédrganism of this disease has never been isolated. 
Many workers have discovered organisms from the secretions of the 
mouth and from the blood or from punctures of the parotid glands, and 
have made the claim that the organism discovered by them was the 
specific organism of the discase. These reports are all lacking in con- 
firmation. Numerous instances are to be found in the literature of the 
subject where the secretions of the mouth, taken from a subject suffer- 
ing from mumps, were filtered and the filtrate used to inoculate lower ani- 
mals, for example, the cat, with the result that an inflammatory process 
occurred in the parotids, followed even by atrophy of the testicle. 
Work of this character may serve to verify the transmissibility or con- 
tagiousness of this disease, but has not thus far thrown any light on 
the specific organism. The organism is certainly in the blood, but is 
most commonly supposed to abound in the secretions of the mouth, throat 
aud likely the nose. The chief method of conveyance of this disease is 
certainly by direct contact from patient to patient. An individual who 
comes in contact with a case and handles articles soiled by the patient 
may carry the disease to others, without taking it himself. 

Finally, it is more than likely that bed-clothing, towels, handker- 
chiefs, ete., soiled by an individual having mumps may retain organisms 
for a variable period (ten to twenty days), and thus furnish oppor- 
tunities for infecting other individuals. The original infection in all 
probability gains entrance into the system through the nose; then it 
either becomes admixed with the secretions of the mouth, and travels 
directly up the ducts of the salivary glands (e.g., Steno’s duct to the 
parotid), or, which is more probable, it is first taken into the general 
circulation and is later by this means carried to the salivary glands 
as the tissue of special predilection. 

Symptomatology.—Prriop or INcuBATION.—It is commonly con- 
ceded that the incubative interval of this disease is quite long as com- 
pared to the same interval in the exanthematous diseases, for instance. 
Some of the factors, brought forward by competent and experienced 
observers, which may be taken into consideration as throwing some 
light on the confusing statements regarding the true limits of this 
period, are as follows: 

(1) The possibility of a long pre-incubative interval. The causative 
organism may gain entrance into the body, but may be held up in a 
location unfavorable to growth for quite an appreciable period of time, 
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after which it may be transported to its particular selective tissue, 
where growth really begins. 

(2) The prodromal or invasional period of this disease is definitely 
known to be exceedingly variable; some authors report well authenti- 
cated cases, too numerous to be overlooked, in which definite prodromes 
were noted for a week before the enlargement of the parotid gland 
appeared. Other competent observers give it as their opinion that at 
least twenty-four to forty-eight hours of mild prodromal symptoms is 
the rule, while still others appear to regard prodromal signs as the 
exception. These latter observers count the enlargement of the parotid 
gland as the beginning of symptoms. 

(3) The life-cycle of the specific organism of mumps may be an 
unusually long one; this possible explanation of the long ineubation 
in this disease must certainly be given due consideration, as it meets 
most of the needs of the problem to a nicety. 

(4) It is to be borne in mind that microérganisms, generally speak- 
ing, gain in virulence under favorable conditions of growth, and that, 
conversely, under unfavorable conditions they tend to lose in virulence, 
or become attenuated. Any of the above factors may play a part in 
the determination of the time-limits of the incubative interval of mumps. 
The causative organism has never been isolated; therefore, we cannot 
make cultural experiments. Artificial inoculations, in the human 
species, at least, have not been successful; hence we cannot try out or 
verify any of the above statements. Some clinicians report cases with 
an incubative interval as short as four days; others say the minimum 
period is eight days; again, cases believed to be authentic are reported 
in which the incubative interval was as long as thirty days. <A child in 
the initial stages of mumps—before the diagnosis is made—may be 
admitted into an orphan asylum or children’s hospital, and after the 
child has mingled freely with the other children his parotid gland may 
enlarge; he has fever and a diagnosis of mumps is made. We may now 
observe the exposed children for the first symptoms of mumps. Usually 
the first case (or cases) develops in approximately fourteen to twenty 
days; the above method of clinical observation is at the present time the 
only reliable means at our command from which we may draw conclu- 
sions as to the time-limit of this period. From a clinical standpoint, 
then, we say with a fair degree of certainty that the time-limit of the 
incubative interval of mumps is from two to three weeks (fourteen to 
twenty-one days). 

INvVASION.—In the average case of this disease, we have a fairly 
characteristic group of invasional symptoms: usually chilly sensations 
and restlessness for about two days, and very commonly aching pains 
about the joints and limbs. The throat feels dry and sore; some tem- 
perature is noted at this time, usually 99°-100° EF. (87.2°-87.8° C.) 
(oceasionally running as high as 102° or 103° F. [38.9° or 39.4° C.]); 
loss of appetite is almost universal, and gastric irritation, nausea and 
vomiting may be present. After about forty-eight hours of the above 
symptoms, pain is complained of in one or the other of the parotid 
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regions; slight swelling is now noticed in the affected parotid gland ; 
deglutition or swallowing becomes difficult; the patient does not like 
to talk or open the mouth wide. Oftentimes at about this time con- 
siderable pain in the ear is complained of. The disease may now be 
considered to be definitely developed. 

Proagress.—The affected parotid—either the right or the left; there 
is no definite predilection for the process to begin in one side or the other 
—becomes markedly enlarged, usually filling up the space immediately 
below the ear between the ascending ramus of the inferior maxillary 
bone and the mastoid process. The gland becomes much enlarged and 
the subcutaneous structures in the immediate neighborhood become in- 
volved. (Occasionally the submaxillary gland enlarges at the same time. ) 
The patient now presents a very characteristic and oftentimes grotesque 
appearance, this being especially true if both sides are involved at the 
same time. The facial appearance is so changed that the individual 
may be unrecognizable. The malaise and slight aching of the joints and 
limbs remain and often become intensified; the child is hardly able to 
swallow or even open the jaws; the mouth is usually dry. 

The fever continues—100°-103° F. (37.8°-39.4° C.) as a rule; the 
glandular swelling usually reaches its height in about three or four 
days, lasting altogether about five to ten days. Very commonly, as 
the swelling begins to subside, the opposite parotid begins to pain or 
show some swelling, and in turn passes through the same stages as the 
gland first involved. The overlying skin often has a tense, glazed ap- 
pearance and the parotid has a doughy feeling, or it may be very hard. 
The tissues overlying the involved parotid may be entirely normal in 
appearance. Clinically speaking, in the average or type case of mumps, 
the order of the glandular involvement is about as follows: First and 
most commonly, we have the involvement of first one parotid and then 
the other. Generally the second gland becomes involved about the 
time the first one begins to subside. (Sometimes, but more rarely, the 
inflammatory process in the first gland disappears entirely and there 
is an interval of quiescence of four or five days before the second gland 
becomes involved.) Second, both glands may be involved at the same 
time, giving the patient a grotesque and unrecognizable appearance, as 
mentioned above. Third, the disease may develop on one side only, 
when only one parotid gland becomes involved throughout the course 
of the disease. Very often the whole disease process may be over in 
four or five days, or it may last for ten days or two weeks. With the 
disappearance. of the enlargement of the parotids, in a typical case, all 
the other symptoms subside and the patient gets well promptly. 

The above description will fit fairly well the average case of mumps. 
Let us now turn our attention to some of the anomalies or irregularities 
of this disease. 

ANOMALIES OR JRREGULAR TYPES OF Mumps.—(1)Mild or Abortive 
lype.—The mild or abortive type is one in which not only prodromal 
but even general or systemic symptoms are either absent or are so 
mld that they pass unnoticed. The patient is not ill, the enlargement 
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of the parotid being the only symptom that makes known the presence 
of the disease. And even this is not marked and passes away quickly 
(three or four days) without leaving any traces behind. Cases be- 
longing to this type are sometimes so mild that diagnosis would be 
doubtful or impossible if the cases occurred sporadically. When, how- 
ever, these cases occur during epidemics the diagnosis is easy. 

(2) Severe Type.—The severe type is one in which the individual may 
be prostrated from the start—with temperature high, heart weak and 
a low typhoid-like state. Some such cases have been reported as oc- 
curring in epidemics by Army medical men. They are never very 
common. 

(3) Systemic Type—Next we have the type in which there are 
marked systemic symptoms and no inflammation of the parotids what- 
soever. Some of the other glands of the salivary group may be in- 
volved, for example, the submaxillary or the sublingual; or some of 
the glands of the genital tract also may be involved, namely, the testes 
in the male. Some of these cases likewise present diagnostic difficulties. 
When they occur in the midst of an epidemic the diagnosis is easy; 
when they occur sporadically great care must be exercised in making 
a diagnosis. 

(4) Relapsing Type—The relapsing type is one in which one group 
or set of glands is involved at a time—e.g., the parotid and submaxillary 
or the sublingual group, ete.—with an interval between the attacks; 
general symptoms accompany each attack, and complications may occur 
with any one of them. In this connection it may be of interest to quote 
an instance which very beautifully illustrates the above type. The 
case in question occurred under the observation of a physician by the 
name of Karth, and is reported by Jules Comby * as follows: 

‘‘In a patient under the care of Karth there were no less than five 
distinet attacks, each one marked by fever and general symptoms. The 
first attack, which was the gravest of all, affected the salivary glands, 
the kidneys and the spleen; the second involved the lacrimal glands; 
the third, limited to the parotids, enabled a diagnosis of mumps to be 
made; the fourth was marked by a swelling of the submaxillary glands; 
in the fifth attack the lacrimal glands were alone attacked. Hach 
successive attack in this series was less grave than its predecessor.’ 

Those of us who see quite a bit of this class of work can bear wit- 
ness to the fact that relapses do occur in this disease. 

(5) Chronic Type.—In this form the parotid glands remain chron- 
ically enlarged for weeks or even months after the general symptoms 
subside. Some slight local manifestations or symptoms may, however, 
accompany the enlarged glands for quite a long time. 

CONSIDERATION OF SPECIAL SyMproMs.—The prominent or leading 
symptoms of the disease are subject to such variations that it seems best 
just at this point to discuss them seriatum. 

(1) Characteristic Enlargement of the Salary Glands-—The par- 


* Jules Se on‘‘Mumps,’’ ‘‘Twentieth Century Practice of Medicine,’’ vol 
XII, p. 57%, 
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otid is the chief gland to be enlarged. It is the most important, the 
most prominent, and likewise the most frequent and dependable symp- 
tom of the disease. In mild cases it is the first symptom to be noted. 
Usually, first one gland is involved, and as it subsides the other gland 
becomes swollen. Occasionally both sides are involved at once, and 
still less frequently only one side is involved throughout the disease. 
The swelling may be very mild, and again in other cases it may be 
very marked. <A special cutaneous edema appears in the neighborhood 
of the parotids; often the other salivary glands—the submaxillary and 
the sublingual—may participate. Now and then the submaxillary or 
the sublingual alone is involved, proved by the fact that the case 
vecurs in an epidemic and may be aceompanied by recognizable com- 
plications, namely, the involvement of the testes in the male. Although 
the whole neck may be much enlarged. as a rule we can readily make out 
the special salivary glands involved by palpation. Most commonly the 
skin and superficial tissues are loose and move freely over the gland; 
oceasionally the skin is red, tense and shiny and perfectly tight. The 
pain and discomfort experienced by the patient are in direct propor- 
tion to the amount and character of the swelling. In extreme cases 
the suffering is great; the slightest touch causes pain; it 1s very diffi- 
eult to open the mouth or to swallow, and severe earache is sometimes 
complained of. On attempting to open the mouth, a tetanic contrac- 
tion of the masticatory muscles is sometimes present. The lymphatic 
glands about the neck may become enlarged. The involvement of the 
salivary glands subsides, as a rule, in about one or two weeks; occa- 
sionally it may last longer. 

Secondary infection of the involved gland with the formation of pus 
(suppuration) is a remote possibility. 

(2) The Mucous Membrane of the Mouth and the Salivary Secre- 
tions —(a) The mucous membrane of the mouth in the average case is 
perhaps dry and redder than usual, and that is about all. In other 
cases the tongue and mucous membranes are much swollen; the gums 
are-swollen, soft and boggy. The region of the orifice of Steno’s duct is 
infiltrated and stands out plainly; the whole of the pharyngeal ring 
may be engorged and covered by a slimy secretion. Some authors 
claim that a characteristic enanthem is present in this disease. This 
view, however, is not accepted by experienced observers. Stomatitis or 
even tonsillitis may occasionally be present. 

(6) Authors differ much in their statements regarding the state of 
the salivary secretions, but it may be stated as a clinically accepted 
dictum that, in far the greater percentage of cases, the flow of the 
salivary secretion is much decreased throughout the active period of 
the disease. The mouth and throat remain sufficiently dry to cause 
the patient great discomfort. The seeretions tend to become normal in 
quantity as the glandular involvement subsides. Sometimes in con- 
valescence a troublesome hypersecretion is present for a considerable 
time. Very rarely one encounters a case which is marked by hyver- 
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secretion during the active stage of the disease, such cases not being 
common. 

(3) Constitutional Symptoms.—In a great many cases, oftentimes 
even in epidemics, constitutional or general symptoms are so mild that 
they are said to be absent; their very mildness causes them to be over- 
looked. But some constitutional symptoms are always present, no 
matter how mild the case. The most constant and dependable consti- 
tutional symptom is fever. In every case in which there is sufficient 
parotid or other glandular involvement to justify the diagnosis, there 
is some fever present during the most active stage of the disease. This 
fever has no characteristic or diagnostic curve; it corresponds with 
and is directly proportionate to the character and type of the infec- 
tion. In addition to the fever, we have very commonly, malaise, mild 
gastro-intestinal disturbance, aching and pains in the joints and limbs 
(very characteristic and oftentimes lasting several days). Tinnitus 
aurlum, earache, marked pharyngitis and epistaxis are factors which 
may add themselves to our symptom-group in almost any case. 

Finally we have quite a respectable percentage of cases in which 
the systemic symptoms are marked and even grave from the start. 

LABORATORY FINpINGS.—Many authors place great stress on the 
blood findings in mumps. In the majority of cases we have a slight 
feukocytosis. The value of this point is somewhat negated bv the fol- 
lowing facts: (a) the leukocytosis is so slight that it is a question 
whether it constitutes a leukocytosis or not; and (b) the age at which 
mumps is most common—from four to fifteen years (childhood )—is a 
period in which the white ecell-count runs much higher normally than 
it does in the adult. The question naturally then arises, Is it a leukocy- 
tosis? Secondarily, we have a lymphocytosis which is always relative, 
and in most instances absolute; further, this finding may be said to be 
present in all cases throughout the active stages of the disease. Rela- 
tive lymphocytosis, however, is said by competent authors to be present 
in several of the infectious diseases of childhood: for example, in 
anemia, pertussis, bronchopneumonia, measles, ete. Blood-findings, 
therefore, have very little practical value in this disease. Perhaps, if 
fever is present and it is a question of differentiating an enlarged par- 
otid gland of mumps from some acute inflammatory condition, such 
as pus in the gland, the blood-count may help somewhat. 

A lymphocytosis of the cerebrospinal fluid is found where we have 
a meningitis due to mumps, as is noted elsewhere. 

Diagnosis.—The diagnosis in the average or ‘‘type case’’ of mumps 
is easy. The typical enlargement of the parotid gland (most commonly 
unilateral) presents a characteristic appearance on inspection, and the 
anatomical outlines of the gland are readily made out on palpation. 
There is dryness of the mouth and difficulty in mastication and degluti- 
tion. The duration of the glandular involvement is relatively short; 
the swelling comes on quickly and as quickly subsides in from seven to 
ten days. The above picture, with few symptoms either preceding or 
following the glandular enlargement, is at once both characteristic and 
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diagnostic. In irregular or atypical cases, the diagnosis is more difficult. 
This is especially true where the parotid glands are not involved; per- 
haps submaxillary enlargement alone is present, or, still more rarely, 
only the sublingual gland is involved. In the case of the submaxillary 
or the sublingual enlargement, if prodromal and systemic symptoms are 
present, and possibly even typical complications, we are able to ap- 
proach the problem with more certainty. 

If the above class of cases occur in the midst of an epidemic, our 
difficulty is very appreciably lessened. Occurring sporadically or in 
isolated instances, the above types might be impossible of diagnosis at 
all. In those very rare cases occasionally reported, where we have 
svstemic symptoms and an orchitis (the salivary glands remaining en- 
tirely free), diagnosis is impossible without, and exceedingly hazardous 
with, the presence of an epidemic. We occasionally see, most commonly 
in epidemics, cases with grave systemic symptoms from the very start, 
prostration marked, and the typical glandular symptoms absent or 
delaved. Diagnosis here is, of course, a matter of great difficulty. The 
type-symptoms may come out more plainly as the disease progresses. 
Fortunately such cases are rare. 

DIFFERENTIAL DIAGNosIs.—It should always be borne in mind that 
the parotids and likewise the other salivary glands may be enlarged 
from causes other than mumps; for example, non-specific parotitis, due 
to irritation of some type, such as acute iodism. Again these structures 
are frequently involved secondarily by infectious microdrganisms, the 
specific type of parotitis. Enlargements in the neighborhood of the 
parotids (which look like mumps) may be present in tonsillitis or 
diphtheria; likewise periauricular or cervical lymphadenitis may cause 
some confusion. In making the differential diagnosis, in addition to the 
local examination, one should always examine the mouth and throat. 
A eareful history of the case should be obtained and a complete physical 
examination made before conclusions are drawn. 

Complications.—IN THE MaLe.—Involvement of the structures of 
the genital tract is by far the commonest type of complication in mumps, 
and of these structures the testes seem to be the point of special local- 
ization. Orchitis is rare in children. It is quite uncommon for this 
condition to be found under fifteen years of age. On the other hand, 
it is quite common in young adults (after the genital organs are fully 
developed) and in certain instances where young adults are crowded 
together, with the elements of exposure and physical fatigue, for ex- 
ample, army barracks and camps, the percentage of orchitis runs very 
high. Some observers give statistics of epidemics among adult males 
in which the percentage of orchitis ran as high as 25 to 50 per cent., 
while others place the average at about one case in every fifteen of 
the disease. The onset of the orchitis is in most instances marked by (1) 
sharp and sometimes grave symptoms, for example, high sudden rise of 
temperature, restlessness and delirium, the affected testicle being much 
enlarged, heavy, red and painful, with pain running along the course 
of the spermatic cord. (2) Again it may come on insidiously with 
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slight or no pain, simply an enlargement of the testicle. The whole 
testicle is enlarged; the parenchyma of the gland shows the greatest 
involvement, and, generally speaking, the epididymis is involved also, 
though to a less extent, the process being in most cases an epididymo- 
orchitis, This complication usually shows itself in from five to eight 
days after the onset of symptoms, or, in other words, as the primary 
point of involvement, the parotid, is subsiding. This is so common that 
most authors speak of the process as a metastasis, i.e., the disease seems 
to be leaving one part to invade another. In other instances there may 
be a period of a few days after the parotid swelling goes down before 
the testicle becomes involved. As a rule, the acute inflammation of the 
testicle subsides in about three to five days, although some swelling and 
tenderness on manipulation may remain throughout convalescence or 
even longer. (3) Finally, as was mentioned under Anomalies or 
Irregular Types of Mumps, the orchitis may show before the parotid 
swelling has subsided, or even before its involvement, or without any 
discoverable manifestations in the salivary glands at all. In this last 
instance the diagnosis can be made only where systemic svmptoms were 
present and the case occurs in the midst of an epidemic. The above 
irregularities are possible but not probable. (4) Seeondary infection 
and consequent suppuration may occur in the orchitis of mumps, and 
such a case is occasionally noted in the literature. The seminal vesicles 
are quite often involved to a varying extent. Marked tenderness may 
be noted along their course on examination per rectum. At the same 
time the prostate may be found to be enlarged and tender; urethral 
irritation may be present. Cases of non-specific urethritis (no gonococcei 
found) have rarely been reported. 

COMPLICATIONS IN THE FEMALE.—In the female the ovaries may be 
involved. This complication, however, 1s not nearly aS common as 
an orchitis in the male. When ovaritis does occur, it is much less 
intense than the analogous process in the male. The time of appear- 
ance and disappearance of this complication bears the same relationship 
to the inflammatory process in the parotids as the orchitis does in the 
male. Inflammation about the labia is reported as occurring in rare 
instances. Mastitis or enlargement of the mammary glands has been 
reported by a large number of observers. It is possible for this compli- 
cation to occur in either sex; it is much more likely, however, to appear 
in the female. Thyroid enlargement is occasionally noted; it usually 
subsides in from a few days to two weeks. It is most likely due to 
toxemia. Enlargement of the lymph glands, cervical lymphadenitis, ap- 
pears to be fairly common. It is always secondary and as a rule does 
not last long; it may be regarded as an expression of systemic toxemia. 
Suppurative parotitis is a complication which 1s possible but rarely 
occurs. One observer with several thousand cases to his credit saw 
suppuration appear but twice. 

GENERAL CoMPLICATIONS.—Acute Pancreatitis—Epigastric pain, 
vomiting and tenderness in the region of the pancreas, with diarrhea 
and fever, is a symptom-group which has caused the diagnosis of pan- 
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ereatitis as a complication to be made many times. That such an event 
does occasionally oceur there can be no reasonable doubt, for the cases 
seem well authenticated. It is very likely, however, that many of the 
cases reported were undoubtedly instances of acute gastric irritation, 
as part and parcel of the symptom-group in an acute infectious disease. 

Mouth and Pharynz.—Stomatitis and sore throat are not infrequent. 

The Respiratory Tract.—Complications here are not frequent—edema 
of the glottis, bronchitis and even bronchopneumonia have been occa- 
sionally reported. 

Arthritis—Severe, aching pains about the joints, without the clin- 
ical evidence of inflammation, which persist for several days are often 
present, and are erroneously called ‘‘rheumatism.’’ Thev are simply 
toxic manifestations of the disease. This manifestation, milder in de- 
gree and of shorter duration, occurs in the majority of our eases, as 
stated above under the head of Symptoms. 

The Heart.—The heart is rarely involved in this disease; temporary 
functional disturbances may arise, but they disappear as the disease 
subsides. Very rarely, severe cases in epidemics may develop pert- 
carditis or endocarditis. 

The Kidneys—Albuminuria, especially in the moderately severe 
cases, is quite common—according to some authors, 15 to 20 per cent. 
Hematuria is reported. Acute nephritis occurs occasionally. 

The Nervous System.—F unctional disturbances of the nervous sys- 
tem often accompany other complications, e.g., restlessness and delirium 
with orchitis. In the severe form of the disease, marked toxic effects 
are produced on the nervous system. Mania, sudden and furious, 
aphasia, monoplegia and hemiplegia or other types of disturbance are 
occasionally noted under the circumstances mentioned above. Paralysis 
of various types occasionally occurs, for example, an inferior paraplegia 
accompanied by paresthesia and formication. Neuritis occurs in single 
nerve-trunks or related groups of nerves; even multiple neuritis is 
encountered now and then. 

Owing to its passage through the parotid gland, involvement of the 
facial nerve 1s not at all uncommon. Disturbance of the optic and 
auditory mechanism occasionally occurs. 

The nervous system is particularly liable to be involved in grave 
cases, especially where complications are marked and severe; for ex- 
ample, where the complication of orchitis comes on in a stormy manner, 
with high temperature, we are very likely to have great restlessness, 
accompanied by active delirium. A/cningitis is oceasionally seen in al- 
most every great epidemic. This is especially true of mumps in bar- 
racks or camps. Sudden deafness may appear at any time in the course 
of the disease; it may be accompanied by noises in the ear (tinnitus), 
vomiting, vertigo, etc., or it may appear without other symptoms. Some- 
times the deafness disappears; again, unfortunately, it 1s permanent. 
No adequate explanation is at hand to account for this sudden deaf- 
ness. In the majority of the instances of involvement of the nervous 
system (including even the severe forms mentioned above) ultimate 
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recovery finally takes place; it may take weeks or even months, how: 
ever, to accomplish this. In a small percentage of cases the damage is 
permanent and may result in the death of the patient. 

Sequele.—Any severe single symptom or any complication which 
persists, or remains after the manifestations of the disease proper have 
disappeared, should, strictly speaking, constitute or be spoken of as a 
sequel. From a strict clinical standpoint, however, it would be best 
to place in this class only those conditions which follow or come on 
after, or are the end-result of severe symptoms and complications 
(sequor, Latin, meaning ‘‘to follow’’). 

SEQUELH OF THE GENITAL TrAact.—Testicular atrophy is an impor- 
tant and fairly common sequel of mumps. Orchitis appears towards 
the end of the period of parotid swelling, attains a maximum point and 
subsides usually in about three to five days. Pain. edema and inflam- 
mation disappear (some enlargement remains for a time, perhaps a few 
weeks), the patient is declared well, no further observations are made 
on him and perhaps some months later, when his physician is exain- 
ining him for life insurance. the testicle is found to have undergone 
atrophy. Oceasionally the patient comes to his doctor voluntarily and 
savs that the testicle in which he had the mumps has ‘‘shrunk.’’ 
Atrophy is not noticed because it progresses very slowly and there are 
no active svmptoms. The atrophy begins, perhaps, in about two months 
after primary involvement. and may continue for as long as one year. 
The atrophy varies in degree; the organ may be decreased In size, one- 
fourth to one-half, or it may be reduced to the size of a large bean, 
being very hard and insensible to pressure. Rarely the gland softens, 
and still more rarely it remains permanently hypertrophied. The 
amount of damage done depends on (a) the amount of testicular atrophy 
and (b) whether one or both testicles are involved. In the majority of 
instances the enlarged gland is rendered impotent and sterile and, if 
both glands are involved, the affected individual may be incapable of 
reproducing his kind, though the desire and the ability to perform the 
sexual act may remain normal, depending upon the degree of atrophy. 
Where atrophy is double and complete, practically all of the gland- 
substance being destroved, at least so far as function is concerned, the 
so-called internal secretion is absent, and the affected individual may 
show some of the characteristics of effeminacy, e.g., the eunuch-voiee, 
enlarged mamme, rotundity of figure, ete. This latter fortunately 1s 
exceedingly uncommon. Rarely, the atrophied testicle may undergo 
suppuration. Likewise the prostate gland may atrophy, following 
mumps. If these phases of the subject were looked into more thor- 
oughly and examinations made more frequently, more cases would be 
reported. (We have no sequelv, so far as is known, in connection with 
the glands of the female genital organs analogous to those described 
above in the male.) Some hypertrophy of the salivary glands, or even 
the cervieal lyvmphaties, may remain as a sequel of the mumps. 

GENERAL SEQUEL.—The Nidneys—True nephritis occasionally oe- 


curs as a sequel of this disease. 
VOL. III.—21. 
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The Heart.—This organ is rarely involved. Endo-, peri- or myocardi- 
tis are remote possibilities. Cases are occasionally reported. 

The Nervous System.—Certain forms of spinal or peripheral paraly- 
ses, such as were mentioned under Complications, may occur as sequel. 
The conditions usually clear up completely in time, although occa- 
sionally some weakness and intermittent paresthesias may persist for 
years or throughout life. As mentioned under Complications, perma- 
nent deafness 1s sometimes noted. 

Treatment.—PRoPHYLAXIS.—Experience in epidemic work teaches 
us that this disease is a readily transmissible one. We have every 
reason to believe that the causative agent is a filterable virus. We are 
quite sure that the disease is transmitted chiefly by the secretions from 
the mouth, throat and nose of the diseased individual. The organism is 
certainly in the blood. It is a fairly safe conclusion, however, that it is 
chiefly the secretions of the mouth, nose and throat that we have to watch 
particularly. The mode of transmission is most commonly direct from 
person to person. We know, however, that it is transmitted indirectly 
through articles, clothing or fomites recently soiled with the secretions 
and discharges mentioned above. It is probable that the organisms 
do not live longer than about ten to twenty days on soiled articles or 
fomites. The disease is communicable from the very earliest symptom 
(or even before that) until the time when all traces of enlargement of 
the parotid glands have disappeared and the leading symptoms have all 
abated. 

With the above as a summation of our actual knowledge regarding 
the causative agent, 1ts method of transmission and its period of com- 
municability, we may formulate methods of control which will apply 
to the individual himself and likewise to the community in which he is 
located. The methods commonly used to prevent the spread of acute 
infectious diseases are, in general, about the same everywhere. We 
can do no better than accept the rules laid down for the control of 
communicable diseases as contained in the report of the American 
Public Health Association Committee on Standard Regulations, printed 
in October, 1916. They are as follows: 


‘*METHODS OF CONTROL 


*“(A) The infected individual and his environment: 

‘1, Recognition of the disease: Inflammation of Steno’s 
duct may be of assistance in recognizing the early stage of the 
disease. The diagnosis is usually made on swelling of the parotid 
gland. 

‘*2. Isolation: Separation of the patient from non-immune 
children and exclusion of the patient from school and public 
places for the period of presumed infectivity. 

**3. Immunization: None. 

‘4. Quarantine: Limited to exclusion of non-immune chil- 
dren from school and public gatherings for twenty-one days after 
last exposure to a recognized case. 
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**5. Coneurrent disinfection: AJ] articles soiled with the dis- 
charges from the nose and throat of the patient. 

‘6. Terminal disinfection: None. 
‘*(B) General Measures: None.’’ 


CURATIVE TREATMENT.—Treatment consists of : first, general manage- 
ment, including the treatment applicable to the average case; second, 
treatment of special symptoms, complications and sequele. 

(1) General Management and Treatment of the Average Case——In a 
large percentage of the cases occurring in private practice. the disease 
is so mild that the patient suffers no inconvenience whatever and little 
or no treatment is required. Even mild cases should be confined to 
the house for the active period of the disease (say ten days to two 
weeks) and if fever is present the case should be confined to bed during 
the active stage of the disease. The bowels should be cleaned out at the 
start with calomel (alone or combined with rhubarb and soda or phe- 
nolphthalein) in broken doses or in a single dose, depending on cireum- 
stances and the preference of the attending physician. A few hours after 
the calomel, castor oil or salines should be given. The bowels should be 
kept well open throughout the acute phase of the disease. The diet 
should consist of articles that are easily handled or digested, which 
should be in the form of liquids or ,semi-solids. as on account of the 
swelling and pain it is usually difficult for the patient to open the mouth 
or swallow. The body should be kept clean by a daily cleansing bath— 
an ordinary tub-bath when not. confined to bed, and a sponge-bath if 
so confined. The nose, mouth and throat should be carefully looked 
after throughout the attack; the mouth should be washed out care- 
fully with plain water after each feeding. About every four hours 
the nose and throat should be spraved out with some suitable antiseptic, 
e.g., boric acid 5 per cent., carbolic acid 1 per cent., or chlorazene 
1-1000 to 1-500. (The above measure serves the double purpose of 
acting as a check on the spread of the disease, and keeping down com- 
plieations such as stomatitis, tonsillitis, etc., in the individual case.) 

Fever.—lIn the acute phase of the average case, barring complica- 
tions, fever is not likely to be sufficiently high to demand special treat- 
ment; when it is high at this stage, brisk purgation and hydrotherapy 
incet the needs of the case as a rule. Occasionally, when the glandular 
swelling is at its height, the throat quite dry and sore, the patient rest- 
less and uneomfortable, with a moderately high fever of 103° or 104° F. 
(39.4° or 40° C.), a dose or two of the following will be found useful as 
an emergency remedy: 


Acetphenetidini ............. grains 111 (0.20 gram) 

Caffeine citratis ............. grains ss (0.03 gram) 

M. Ft. Caps. No. 1, Sig.: One such capsule every three 
hours. 


(For children from 4 to 12 years of age.) 
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Usually after about the second dose the temperature drops, rest- 
lessness disappears, the patient feels more comfortable and may go 
off to sleep. Aching pains about the joints and limbs are quite fre- 
quently complained of; they may occur at any time throughout the 
active period of the disease, or even as the symptoms begin to decline. 
This symptom is often quite troublesome. and it seems to respond quite 
well to the salicylate group of drugs, e.g.: 

} 

Aecidi acetyl-salievlici, tablets, grains v (0.325 gram) 

Sig.: One every four hours (for a child 10 years or 
over. ) 


Or the following may be used: 
i: 
Gale, 2 owe 
salieylatis zi eeigee elle 7 

modi ees ar ee ee » 111 (12.0 grams) 
Sodii bicarbonatis § 
Aq. gaultheriw ................ £5 ii (90.0 cc.) 

M. Ft. Sol. Sig.: One teaspoonful in cold water every 
four hours. 


Local Treatment of the Inflamed Glands.—In many instances no 
treatment is necessary. If, however, much pain is complained of locally, 
some form of treatment may be instituted. Several layers of absorbent 
cotton may be placed over the inflamed gland and retained in place 
by a bandage or cloth bound over the head. IIot compresses, or even 
a hot-water bottle or electric pad, are occasionally used. In some 
instances the opposite extreme, cold applications, seem best, such as 
the use of ice-water cloths, cold packs or the ice bag. 

The Use of Drugs as a Local Treatment.—As a local application for 
use on the inflamed gland, the following prescription may be found 
useful : 


5 

Ung. belladonne } - . “a 

Ung. hydrargvri Chis er ahaha Weigle ena e f ol (30.0 ¢.c.) 
M. Ft. Ung. Sig.: Apply locally, as directed. 


The above ointment is to be spread freely on a piece of cheese- 
cloth, and placed on the gland. Apply some absorbent cotton over this. 
The whole is retained in place by a bandage or cloth bound around 
the head. 

(2) Treatment of Special Symptoms, Complications and Sequela.— 
The treatment of markedly inflamed and painful enlargements of the 
parotids 1s outlined above. The special measures applicable to fever 
are likewise given above. 

Orchitis—The best method of treatment of this complication is the 
prevention of its occurrence. In any case of mumps occurring in an 
adult (from about seventeen years and over) where the disease is at 
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all severe and is complicated by fever, the patient should be put to 
bed at once and kept there throughout the active phase of the disease. 
This measure will minimize the likelihood of orchitis very considerably. 
If this complication has already occurred, or occurs in spite of our 
best precautionary efforts, more active measures must be promptly in- 
stituted. The bowels should be opened thoroughly and kept open as 
long as this complication is present. The diet must be reduced to 
liquids, preferably milk. Water should be taken freely. For the 
fever use acetphenetidini, grains iii or v (0.2 or 0.3 gram) every three 
or four hours for three or four doses. If this remedy (or some of its 
congeners) is not effective by this time, it should be promptly dropped, 
and chief reliance should then be placed on hydrotherapy. For the 
active delirium which is prone to occur with the onset of this compli- 
cation, the best single remedy is gelsemium. (Use whenever possible 
a properly assayed, physiologically tested, time-limited preparation of 
this drug, in other words, an active preparation.) The dose should be 
small and frequently repeated up to physiological effect, namely, the 
quieting of the patient and the disappearance of the delirium. Some 
authors favor the use of the bromids for the delirium, cither sodium or 
potassium hromid, dose suitable to the age of the patient. say ten or 
fifteen grains every four hours (for age seventeen or over). 

Local Treatment as Applied to the Inflamed Testicle-—Guaiacol is 
undoubtedly the best single remedy; 10 to 20 per cent. in glycerin is 
to be applied freely to the inflamed gland. A nest of absorbent cotton 
is next fitted snugly around the inflamed organ and the whole kept 
in place by a loose-fitting suspensory bandage or adhesive strips prop- 
erly applied to obtain rest and relief from dragging on the cord. The 
above plan usually meets the indications very nicely, and the swelling 
subsides ordinarily in from three to five days. Occasionally it may 
last longer. 

The meningeal irritation or meningismus, as it is now popularly 
ealled, which is prone to occur in severe cases during the active or 
febrile stage, is sometimes a sudden and alarming symptom. In addi- 
tion to thorough purging, hydrotherapy and other general measures 
as indicated. The above condition is combated by the use of gelsemium 
as directed above, or as some authors prefer, by a combination of bromids 
and chloral hydrate, for example: 


Potassil bromidi ............-66- 3 ss (15 grams) 
Chlorali hydrati ................ 5 iii (12 grams) 
Aq. menthe piperitem ............ f 5 ii (90 ec.) 


M. Ft. Sol. Sig.: Teaspoonful every four hours. 


Occasionally it will be necessary to administer morphin, grains 14, 
and atrophin, grains 1/150, hypodermically for one to two doses. This 
will usually carry the patient safely through the above described com- 
plication. Fortunately, this complication does not last, as a rule, over 
three to five days in an acute form. If we have a true inflammatory 
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process of the meninges, however, the story is quite different. True 
mumps meningitis does occasionally (though rarely) occur. The ma- 
jority of the cases in the literature are reported by military surgeons 
as occurring among soldiers. The mortality is very high in these cases, 
and the treatment applicable will be found under the subject of 
Meningitis. The treatment of the rare complications and sequele of 
this disease does not, strictly speaking, belong to the average textbook 
picture of this disease; should they arise, however, their treatment 
would be along the lines indicated by the particular type of complica- 
tion or sequelw, and the circumstances attending thereon. 

CONVALESCENCE.—This period in the average case is uneventful; 
occasionally it may be rather prolonged. The patient is pale and 
seems to be weak, regaining strength slowly. A particular reason for 
regarding this period as of some importance is the fact that it is a 
period of possibilities. The patient is naturally susceptible at this 
time. The illness was slight, therefore the patient did not take proper 
care of himself, and exposure and over-exertion invite complications. 
It, therefore, seems well just at this point to sound a note of warning. 
Physicians in general should at least supervise the patient throughout 
this period. It seems to the writer that the convalescent period in all 
infectious diseases does not receive the attention that it merits from the 
medical profession. Although all active symptoms of disease may have 
disappeared and the patient may express himself as feeling well, there 
is still danger and the patient should be under the observation of the 
physician for reasons that are obvious. In the severe or grave forms, 
the period of convalescence will be prolonged in proportion and may 
be more stormy in character. 

Prognosis.—The prognosis, generally speaking, is good ; the mortality 
in this disease is exceedingly low. In uncomplicated cases, no deaths 
are reported. A death occasionally occurs from some serious complica- 
tion, e.g., meningitis. In spite of the fact that the mortality is low 
and the disease usually mild, our experience teaches us that an individual 
ill with mumps is subject to considerable inconvenience, but of far greater 
importance is the fact that this is a disease of possibilities. Complica- 
tions and sequele are fairly common, especially in epidemics, and com- 
plications and sequele may impair or cripple the usefulness of the 
affected individual temporarily or even permanently. 

Pathology.—Our definite knowledge of this phase of the subject is 
meager. As is agreed by most authors (and verified by the statistics), 
opportunities for postmortem work are rare. The disease is often 
crippling but seldom fatal. When death does occur, it is usually due 
to some complication which is so severe that it masks or obliterates the 
primary changes. So far as we now know, in mumps proper, excluding 
complications, the pathology is found chiefly in the salivary glands. 
The microédrganism is supposed to enter the salivary ducts from the 
mouth, though it may come through the blood stream, and make its 
way to the gland-substance. The gland-ducts and gland-substance 
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would then most likely be involved first, and the periglandular tissue 
secondarily. There is, perhaps, swelling and hyperemia of the walls 
and linings of the ducts, and likewise of the acini of the glands. The 
swelling is sometimes so great that the ducts of the affected glands are 
occluded. (In the case of the parotid gland, Steno’s duct may be 
readily felt with the fingers as a firm cord-like structure.) The peri- 
glandular tissue is likewise swollen and inflamed, even edematous, and 
round-eclled infiltration most undoubtedly takes place; no true hyper- 
trophy, however, is supposed to occur. In simple cases nature is usually 
able to bring about a condition of restitutio ad integrum. 

The above is approximately the full extent of the pathologie changes 
in the acute or active stage of the disease. As an end-result we may 
have an hyperplasia of the parotids which may not clear up for months. 

The end-result of the testicular involvement is, as a rule, a paren- 
chymatous sclerosis of the testicle combined with atrophic changes. 
The pathologic changes, accompanying severe complications and _ se- 
quelw, are not, strictly speaking, a part of the pathology of mumps, con- 
sequently we shall not discuss them here. 

History.—Medical historians inform us that the disease, mumps, was 
known in ancient times. The venerable Hippocrates, born 460 years 
before Christ, has left us a description of this disease which is unmis- 
takable. After Hippocrates, clinical knowledge of this disease seems 
to have been swallowed up in oblivion for over two thousand years. 
We next find traces of it perhaps in the latter half of the seventeenth 
century and the first quarter of the eighteenth century (A. D. 1650 to 
1725). The writings of various medical observers of the period men- 
tioned above convince us beyond the shadow of a doubt that these men 
did see bona fide cases of mumps, and we are just as thoroughly con- 
vineed, from these same writings, that the aforesaid observers did not 
recognize the phenomena as a distinct disease. In truth, the enlarged 
parotids were confused with such conditions as the adenitis accom- 
panying ulcerative stomatitis, tonsillitis, diphtheria and other condi- 
tions which would produce an adenitis or other type of enlargement 
about the neck. The subject of mumps during the above period was 
inextricably entangled in a confused mass, with many of the still un- 
differentiated acute epidemic infectious diseases. Authors are agreed 
that Hamilton, an observer of the epidemics of Scotland in 1761, did 
much towards bringing this disease out of its obscurity. This observer 
likewise noted the appearance of orchitis as a complication, and to 
Mangor (epidemic of Wiborg, 1773) is usually given the credit of rec- 
ognizing mumps as an infectious disease. The study of the epidemics 
which occurred in Italy about this same period did much to clear up 
the situation, namely, the epidemic at Florence in 1752, observed by 
Targioni Tozzetti, and one at Bologna in 1753, observed by Laghi, and 
the epidemic which occurred in Genoa in 1752. We may safely con- 
clude that the identity of mumps as a distinct disease was established, 
roughly speaking, about the middle of the eighteenth century (1750). 
It was recognized definitely as an infectious disease, and was known to 
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occur in epidemic form; likewise its chief clinical characteristics and its 
more common complications were noted and accurately described. 
Mumps seems to defy all seasonal and geographical limitations; it is a 
disease which has occurred in epidemic form in almost every country 
of the civilized world; it is very prone to become epidemic where large 
numbers of young men are congregated together, for example, in schools 
and among troops in barracks and camps. One strange factor in the 
epidemiology of this disease is the fact that, as a rule, this disease does 
not spread rapidly and in the broadcast manner that scarlet fever and 
measles do. We commonly have an invasion in a school or locality, a 
certain number of cases occur, the disease dies down and that is the 
end of it. More rarely, however, mumps does extend broadcast and in- 
vade the whole of a district. Epidemics of this sort were described by 
the famous French physician, Laveran. Similar epidemies in Italy, 
Switzerland and Sweden have been reported. 

The disease under consideration has been known by many names. 
The Latins called it ‘‘cynanche parotida’’; among the French it is 
called ‘‘les oreillous’’; ‘‘the branks’’ was an old Scottish term for the 
mumps. The word ‘‘mumps’’ comes to us. perhaps, from the Danish 
term, ‘‘Mompen,’’ meaning mumbling (like an old man), to talk in an 
imperfect fashion. The swelling about the throat and the inability to 
open the Jaws causes the patient to talk in an imperfect or mumbling 
tone, hence the popular term or its corruption. namely, mumps. The 
proper scientific term for this disease is parotitis epidemica. 
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ACQUIRED SYPHILIS 
ETIOLOGY 


Bacteriology of Treponema Pallidum (Spirocheta Pallida) 


Morphology.—The 7'reponema pallidum is a closely coiled, flexous 
organism which is long, thin and delicate. It measures from .25 to .04 
micron in diameter; the length of tiie organism varies considerably— 


from 3 to 15 microns. It consists of from 6 to 12 spirals which are regu- 
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lar in outline. The number of spirals varies with the length of the or- 
ganisms; there may be only a few spirals or as many as twenty. The 
ends of the 7’reponema. pallidum are attenuated and each end bears a 
polar flagella; the ends terminate on the periphery of the spiral instead 
of at the center, as do those of the Spirochata bucallis and some of the 
other forms. The organism is actively motile and possesses a twofold 
motion. Besides exhibiting true progressive motion, it also rotates about 
its long axis, resulting in a corkscrew motion. Undulatory contractions 
of the organism have been noticed. According to Schaudinn and No- 
guchi, reproduction takes place typically by longitudinal fission. 

Types.—Noguchi has described three types of Treponema pallidum. 
He observed that certain strains of the Treponema pallidum differed in 
appearance and produced different lesions in the rabbit’s testicle. He 
classified the organisms, according to their morphology, into (1) an 
average or normal type, (2) a type which was thicker than normal, 
and (3) a type which was thinner than normal. He concluded that 
the morphological and pathogenic variability in cultures of Treponema 
pallidum might constitute racial differences in the same species. 

Noguchi suggested the possibility of the existence of various strains 
of the organisms which had a predilection for certain tissues, such as 
the neurotrophic strain. Clinically, there is evidence to support this 
belief, since persons who are afflicted with marked cutaneous lesions 
rarely have much nervous involvement, and similarly with the cases of 
osseous syphilis. 

Stains.—The organism does not stain with the usual anilin dyes, nor 
does it stain by Gram’s method. By Giemsa’s method, it stains a pink 
color, while by Levaditi’s method the organism stains black or dark 
brown. 

Distribution.—In tHe Bopy.—The organism is present in the hard 
chanere, and in practically all cases its presence can be demonstrated. 
Treponema pallidum is also found in secondary lesions, especially in 
mucous patches, condylomata and the various skin papules. It is 
also present in the regional lymph glands. Levaditi was able to demon- 
strate the organism in the blister fluid of an eight-day-old child af- 
flicted with hereditary syphilis. In the tertiary stage, the organism 
is present in the lesion, but in such small numbers that it is quite diffi- 
cult to demonstrate them. The organism is present in the blood during 
the florid stages of the disease, but Treponema pallidum develops much 
better in the lymphatic spaces than in the blood. It may enter the blood 
and lymphatic stream directly during infection and locate among the in- 
terepithelial lymph spaces and later reach the perivascular lymph spaces. 

In case of congenital syphilis, the liver and spleen contain large num- 
bers of Treponema pallidum. They are also found in the other internal 
organs, but not so abundantly. The abdominal viscera are frequently 
involved in the acquired type of syphilis. The infection is not limited 
to any special tissues in the body, but it becomes generalized very early 
and any tissue may be invaded. Noguchi was able to demonstrate Trep- 
onema palidum in the brain substance in general paresis; and other 
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investigators have demonstrated that vascular involvement may be 
very extensive and show the presence of the organism in the vessel walls. 

OUTSIDE OF THE Bopy.—Under ordinary conditions Treponema pal- 
lidum is able to survive only a short time outside of the body. It may 
exist in moist towels, on eating or drinking utensils or on any object 
with which the syphilitic comes in close contact; but it remains capable 
of infecting another person within only a few hours after leaving the 
body of the infected person. The organism simply vegetates and does 
not multiply. 

The organism rapidly becomes sluggish when it is removed from the 
body tissues, and only rarely is it possible to detect motion in any of 
the specimens which have been kept at room temperature for 24 hours. 
I{owever, sections of chancre, or rabbit’s testes, may still be infective 
for 24 to 72 hours, when kept at room temperature or in a refrigerator. 
Noguchi showed that material obtained at postmortem may occasionally 
infect a susceptible animal if inoculation 1s made within 24 hours. The 
organism is destroyed by heating from 50° to 55° C. for 20 minutes. 
In properly prepared cultures, the organism may be made to multiply 
and can thus be carried through many generations. It grows best on 
a culture medium consisting of an alkalinized agar, which is melted and 
quickly cooled to from 45° to 50° C., to which sterile ascitic fluid or 
hydrocele fluid is added, in the proportion of two parts of agar to one 
part of fluid. Small pieces of sterile testes or kidney from the rabbit 
must be added to each test tube. Treponema pallidum must be grown 
under anaérobic conditions. The culture is incubated at 37° C. for two 
or three weeks. 

Modes of Infection—Contact INFECTION.—The most common 
method of contracting syphilis is by direct contact with the syphilitic 
sore, or with some substance which has recently been contaminated with 
the secretion of a syphilitic lesion—such as pipes, glasses, knives, etc. 
The great majority of cases are contracted through the sexual act; a 
break in the skin is necessary for the infection to take place, but a 
break which is so small as to be microscopic in size is sufficient for 
the Treponema pallidum to enter the body. Once the organism makes 
its entrance, it locates in a tissue suitable for multiplication and the 
infection rapidly becomes generalized. The lesions of all three stages 
are infective, but. the chancre and secondary lesions—such as the mucous 
patch, papules and condylomata—are most infective, since they contain 
a large number of Treponema pallidum. The tertiary lesions are also 
infective, since the presence of the organisms in them has been demon- 
strated. 

HEREDITARY TRANSMISSION.—Until recently it was quite generally 
believed that it was possible for the father to infect the ovum without 
infecting the mother. This was later shown to be practically impos- 
sible, since there was no way of explaining how a sufficient number 
of organisms could enter the ovum and produce infection. Moreover, 
an infected ovum would not be very likely to develop, for it has been 
shown by research on the cells of lower animals, that if a single blasto- 
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mere was infected the #ell failed to develop. Colles stated that a 
syphilitic child could not infect its mother because the mother was 
immune; it has been recently shown by means of the Wassermann reac- 
tion that the mother was immune because she herself was syphilitic, 
even though she appeared to be clinically free from the disease. To-day, 
opinions are quite generally agreed that the transmission of hereditary 
syphilis is purely maternal. 

CuTANEOUS INOCULATION.—Syphilitic virus is occasionally inoculated 
into the cutaneous tissue. The physician especially may inoculate him- 
self while making a vaginal, rectal or digital throat examination 
of a syphilitic patient. In case he has a slight cutaneous break and 
this area comes in contact with some of the material containing T'rep- 
onemata pallida he will be infected. Syphilitic virus may also be inocu- 
lated in a healthy individual by means of an infected razor, by tattooing, 
vaccination and catheters. 

Mucous MEMBRANES.—Extragenital chancres are not uncommon. 
They are, for the most part, purely accidental and innocently acquired. 
Infection may be acquired during the act of kissing, but it may be 
acquired from drinking cups or glasses which have recently been used 
by a person having lesions on his lips or tongue. <A case is reported 
where a young woman kissed her lover, not knowing that he was syph- 
ilitic; she later kissed a number of her schoolmates, with the result 
that six of them became infected. In the rural communities of Russia, 
syphilis is frequently acquired innocently. The infant becomes infected 
soon after birth by a kiss from an individual who is syphilitic. 

An interesting experience of my own is in a family in which the 
mother had a tertiary lesion; the baby, two years old, had a papular 
rash on the body and a healing chancre on the lip; while the grand- 
mother had a typical chancre on the lip. . 

INFECTION THROUGH DISCHARGES FROM MoutTH AND NOSE.—Since the 
lesions which are present in the mouth during the secondary stage of 
syphilis contain many Treponemata pallida, they are naturally very 
infective. Physicians may become infected from the sputum while mak- 
ing a throat examination of a syphilitic patient. Fournier reported 
five cases of chancre of the eye where the physician was thus infected, 
the patient being seized with a spell of coughing and expelling infectious 
material into the doctor’s eye. Discharge from the nose during sneezing 
may also spread the infection. 

INFECTION THROUGH INSECTS.—There is a possibility that Treponema 
pallidum may be carried from one person to another by means of 
insects. Thus far, no case of such infection is reported, but the possi- 
bility of the bedbug carrying the infection must nevertheless be ad- 
mitted. 

SYMPTOMATOLOGY 


A, Primary Stage 


Period of Incubation.—The chancre, which is the characteristic 
lesion of the primary stage of syphilis, does not make its appearance 
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immediately after infection, but is preceded by a definite incubation 
period. This period is variable, but in a typical case occupies from 15 
to 30 days, with an average of about 20 days. Occasionally, the chancre 
makes its appearance in less time than this, but rarely does it oceur 
in less than ten days. Moreover, it may make its appearance as late 
as forty days following the infection. The period of incubation varies 
with the virulence of the organism and the receptiveness of the patient. 

The Chancre.—The incubation period in the primary stage is not 
characterized by any special symptomatology. The patient, as a rule, 
enjoys his general good health and the appearance of the chancre is 
the first symptom of which he is usually aware. The chancre develops 
in healthy skin and may appear as a round papule, somewhat prominent, 
of neoplastic consistency, and presenting a slightly radiating center. 
The lesion is painless and not sensitive to pressure, unless secondarily 
infected. In the early stage of its development, the chancre is seldom 
observed, but as time goes on the lesion becomes larger, more promi- 
ment, indurated, and may ulcerate. For the most part, the chancre 
syphilitica is single, but multiple chancres may occur. It is rare for 
more than three or four chancres to be present on the same person. 
Multiple chancres usually occur in about one ease in ten, although 
some authors report a slightly higher percentage. The chanere may 
be one of various types. 

TYPES OF CHANCRE.—(a) Eroded Type.—The eroded type of chancre 
is a small, smooth, circular, superficial lesion, characterized by a very 
slight, thin induration. The induration may be practically absent or 
may be so slight as to produce a parchment-like feeling when the 
lesion is palpated. The chancre is usually of a dark red color, resem- 
bling the appearance of fresh meat, but it may be somewhat grayish in 
appearance. The lesion may exist as an elevation, a depression in the 
surrounding skin, or simply as a cireular, eroded induration without 
either elevation or depression. In this stage there is a slight sero- 
purulent discharge from the chancre. 

(b) Indurated Papule.—This type of chanere is not very common. 
It is usually located on areas of skin which are dense and thick, with 
the result that the lesion does not present the extensive induration 
characteristic of the common types of syphilitic initial lesion. The 
indurated papule consists of a small, flat papule, which is dark red 
in color, the base somewhat indurated and the apex surmounted by a 
small scale. 

(c) Hunterian Chancre.—This type of chancre is common and is the 
lesion usually pictured when the expression ‘‘hard chancre’’ is used. 
The chancre shows a distinct ulceration, which may be quite extensive; 
its base is markedly indurated. The ulcer invades the epidermis and 
presents a funnel-shaped appearance, due to its smooth, sloping edges. 
Granulation tissue is present at the base and a membrane is sometimes 
adherent over the lesion. The ulcer may discharge a sanguineous 
exudate. 
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(d) Other Types of Initial Lesion—Various other types of initial 
lesion are occasionally seen, such as: 


I. Silvery Spot: This type occasionally occurs on the glans 
penis and resembles the spot produced when the skin is touched 
with the nitrate of silver cautery stick. 

II. Herpcetiform Type of Initial Lesion: This type of chancre 
consists of a superficial ulceration, with an exudation of char- 
acteristic herpetic vesicles. Both of these types of chancre are 
very rare, but the induration may nevertheless be very marked. 

Ill. Diffuse Syphilitic Edema: This lesion is characterized by 
a diffuse, extensive, brawny, non-painful edema. It occurs chiefly 
on long prepuces and on the vulva. 


(e) The Mixed Chancre.—The syphilitic infection may coexist with 
the chancroidal ulcer and be completely masked. The nature of the 
lesion depends upon the virus which was first. inoculated. In case of 
simultaneous inoculation of both viruses, the lesion presents the ap- 
pearance of a chancroid, since the incubation period of the chancre is 
much longer than that of the chancroid and the chancroid is a destruc- 
tive lesion, destroying the infiltration faster than the luetic infection 
ean build it up. 

DuRATION OF PRIMARY LESIon.—The ordinary ulcerated chancre lasts 
five weeks on an average. The erosive type of chancre disappears more 
rapidly, whereas the indurated chancre lasts a much longer time. Treat- 
ment, and especially treatment with arsenobenzol, hastens the healing 
of the chancre. 

Various Forms or CHANCRE.—Although the majority of chancres 
occur on or about the genitals, chancres occasionally oecur on other 
parts of the body. Extragenital chancres frequently occur on the 
lips, tongue, tonsils, mucous surfaces of the mouth, pharynx, fingers, 
face and mammary glands; but any part of the body may be affected. 

(a) Chancre of the Lip.—This type of chancre may occur on either 
lip, but the lower lip is the more frequently involved. The lesion is 
usually located in the median line, or slightly to one side, and at the 
junction of the cutaneous and mucous surfaces. Usually it begins as 
a simple chap, fissure or erosion, and presents no effect which is espe- 
clally characteristic, until a few days later, when it becomes indurated. 
Later, the characteristic lymphatic enlargement also occurs in the re- 
rional lymph glands. 

(b) Chancre of the Tonsil —This type of primary lesion is rare and 
difficult to diagnose. The chancre appears inflamed and when palpated 
with the finger, induration is observed. It may be erosive or ulcerative 
in type. Lymphatic glands begin to enlarge about two weeks following 
its appearance. 

(c) Chancre of the Tongue—Not uncommonly the tongue is the seat 
of a syphilitic chanere. The chancre is usually located on the anterior 
portion of the tongue, but may be on the sides or dorsum. The chancre 
is usually erosive in type and similar to the genital chancre, although 
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the ulcerative type of lesion is also seen. The ulceration usually be- 
comes deep and extensive, and induration very marked. 

(d) Chancre of the Finger—Chancre of the finger is most commonly 
seen at the edge or base of the nail. Its development is insidious and 
the chancre may scarcely be observed. It may begin as a simple 
erosion and may be papular in type. Physicians and nurses are most 
frequently affected by this type of chancre. It is painless, secretes very 
slowly, and-is indurated. 

(e) Chancre of the Eyelid.—Not infrequently, the eyelid is the seat 
of a syphilitic chancre, caused by its infection with sputum. Children 
may become infected by their eyes being anointed with the saliva of a 
syphilitic and, occasionally, by using the common towel. Physicians 
are sometimes infected with the sputum from a syphilitic patient during 
the act of coughing, while the physician is examining the patient’s 
throat. The chancre may occur on the conjuctive or it may be located 
on the lid. 

(f) Chancre of the Breast.—The nipple is the most frequent seat of 
chancre of the breast, but chancre may also occur on the skin covering 
the gland. It may appear as a simple fissure, crack or erosion. As 
the lesion develops, it gradually becomes indurated, a slight discharge 
is observed, and it is soon followed by lymphatic enlargement. 

Lymphatic Enlargement.—The syphilitic virus rapidly attacks the 
lymphatic vessels and ganglia. Enlargement of the lymphatics is fre- 
quently noticed a very few hours after the appearance ef the chancre. 
When the chancre is located on the prepuce or on the glans penis, 
lymphatic vessels on the dorsum of the penis are especially liable to 
be involved. Such involvement manifests itself as an indurated cord, 
along the center of the dorsum of the penis, which resemble a necklace; 
or it may be smooth. 

The regional lymphatic ganglia are first and always most extensively 
involved, but the adenopathy rapidly involves the lymphatic glands of 
the entire body. The glands become hard and enlarged, but are not 
painful to pressure or motion. As the result of irritation or secondary 
infection of the chancre, the glands become still larger in size and become 
painful to pressure and motion. Some degree of periadenitis may occur, 
mating them together in a single irregular, large, painful, adherent mass. 
Suppuration rarely occurs. The lymphatic enlargement following the 
appearance of a syphilitic chancre is not necessarily limited to the 
region in the most direct relation to the sore. Both sides are usually 
involved, but, occasionally, only the glands on the side opposite the 
chancre are affected. The glandular involvement does not disappear for 
several weeks following the appearance of the chancre, and it may even 
last several months. 

Blood Changes.—Alteration in the blood picture is observed during 
the primary stage of syphilis. As a rule, this change consists of a 
severe anemia of the chlorosis type. 
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B. Secondary Stage 


Period of Incubation.—The secondary period of incubation occupies 
the time from the appearance of the initial lesion to the time of cutane- 
ous eruption. The usual duration of this period is 42 to 45 days, or 
approximately six weeks following the appearance of the chancre. This 
period of incubation is very variable and depends upon the virulence 
of the organism and the receptiveness of the patient. Treponemata pal- 
lida are generally distributed throughout the body during the sec- 
ondary incubation. 

General Constitutional Symptoms.—The secondary stage of syphilis 
is characterized by general constitutional symptoms, such as loss of 
weight, and strength, mental depression, anorexia, headache, angina 
syphilitica, enlarged spleen, blood changes, lymphatic enlargement, bone 
pains and fever. The patient has a general feeling of fatigue, which 
resembles the fatigue one experiences during an attack of the grip. 
He complains of various pains and aches. Headache is one of the most 
characteristic symptoms during this stage of the disease. The head- 
ache consists of a dull ache which usually becomes worse at night; he 
may complain of violent shooting pains in the temporal regions and 
of a dull ache in the back of the neck and in the occipital region. 
Fever may be well marked, but as a rule it is only slight and, there- 
fore, generally overlooked. The temperature may, however, rise to 
103°. F. and simulate typhoid fever. It reaches its maximum in the 
evening-and} gradually decreases toward morning. Fever is similar to 
that of the acute exanthemata, in that it disappears gradually after 
the cutaneous eruption occurs. The patient may lose weight rapidly, 
but in the great majority of cases the loss is slow and ranges from 
one-half to two pounds weekly. When the loss of weight is gradual, it 
may not be detected, unless the patient is regularly weighed, until a 
considerable period has elapsed and the loss becomes very noticeable. 
The patient may lose as much as ten to thirty pounds in the course of 
six months following the infection. This loss of weight is gradually 
regained during proper treatment. 

Blood Changes.— Anemia is observed during this stage of syphilis. 
It is variable in type, and the degree of anemia depends upon the 
severity of the lesion... Many patients who suffer little with the dis- 
ease show very slight blood changes. As a rule, the blood picture is 
that of a chlorotic anemia, but it may simulate other types of anemia 
and occasionally it presents a picture which resembles an atypical per- 
nicious anemia. With the appearance of the rash, there is a fall in the 
number of red cells and a decrease in the hemoglobin. The red cells 
may be decreased to 3,000,000, while the hemoglobin may be decreased 
to 60 or 70 per cent. Administration of mercury in proper doses 
causes an increase in the red cells, but prolonged excessive doses cause 
a reduction in the number of red cells. 

Lymphatic Enlargement.—Lymphatic glands are involved early and 
extensively by the Treponema pallidum, eausing a characteristic en- 
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largement. This is one of the earliest signs of secondary syphilis. The 
adenopathy is generally distributed throughout the body, but it is best 
observed in the epitrochlear, suboccipital, cervical and axillary glands. 
The adenopathy which occurs at this time is pathognomonic of syphilis. 
The degree of adenopathy does not necessarily determine the degree of 
severity of the syphilitic infection. 


SPECIFIC SYMPTOMS OF THIE SECONDARY STAGE 


Changes in the Hair and Nails.— (a) ALopecia SypHiitica.—Syph- 
ilitie alopecia is of frequent occurrence during the secondary stage. It 
is most common in those cases which have received insufficient treat- 
ment or no treatment at all. It occurs without being preceded by a 
scalp disease, or without any noticeable exfoliation or itching. The 
falling of the hair gradually becomes more abundant until, after a 
few days, small zones of alopecia are observed. These zones are quite 
extensive, multiple, and are scattered all over the scalp; the alopecia 
is not complete, thus giving the hair a moth-eaten appearance. The 
eyebrows are occasionally attacked at the time the eruption makes its 
appearance on the chest. This type of alopecia is almost pathognomonic 
of syphilis, but it is occasionally seen in other conditions, such as 
tuberculous lesions and during the convalescent period of grave diseases. 
In the latter conditions, however, the areas of alopecia are larger 
than those of syphilis. Syphilitic alopecia usually begins during the 
first three months of the disease, and it does not cause permanent bald- 
ness. Pedersen believes that syphilitic meningitis occurs, associated with 
syphilitic alopecia, more than with any other clinical manifestation. 
Ife bases his conclusion on the investigations of Cyranks and Gartner, 
who found the cerebral spinal fluid to be pathological in 33 out of 35 
eases of alopecia and in 10 cases of his own of alopecia, the spinal fluid 
was positive in 8 cases and negative in 2 cases; these two had been given 
extra energetic treatment. 

(6) Sypmmuitic ONYCHIA AND PERIONYCHIA.—Secondary syphilis of 
the nails is not uncommon, the finger nails being more frequently af- 
fected than the toe nails. For the most part, the affections are mul- 
tiple and bilateral. 

(1) Forms of Syphilitic Onychia.—Various types of syphilitic ony- 
chia are observed. Atrophiec onychia is rather common in early syphilis. 
Infection of the nail may be very slight, in which case it is thin, ragged 
and brittle. If the infection is of a more severe nature, the nail becomes 
thickened at its corners, presents pearly edges and is very easily broken 
from the nail base. Severe atrophic onychia is usually associated with 
perionychia. Partial separation of the nail is not an uncommon con- 
dition and when it occurs, it 1s usually associated with palmar syphilids. 
Because of the presence of syphilids, the nail becomes raised gradually 
from its base along the whole extent of its edge. Still more uncom- 
mon is complete detachment of the nail. This condition occurs only 
when the matrix itself is involved. Hypertrophic onychia, which con- 
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sists of an unusual thickening of the nail, is an extremely rare condition. 

(2) Forms of Perionychia.—Perionychia may occur as a dry form, 
in which condition the ridge of the nail is surrounded by syphilids 
simulating palmar squamous syphilids. The skin may be greatly hyper- 
trophied and cracked. In inflammatory perionychia, the bed of the 
nail is inflamed, thickened and very painful. Syphilitic inflammatory 
perionychia may be confused with other types of inflammatory periony- 
chia, but the fact that it runs a chronic course usually serves to dif- 
ferentiate it. There is little tendency for syphilitic perionychia to 
suppurate. Rarely, ulcerating perionychia is observed, which consists 
of an ulceration about the base of the nail with an abundant prolifera- 
tion of granular tissue. 

Ocular Syphilis.—Sy philitic iritis is the most common form of ocular 
involvement. It is most commonly observed during the secondary stage, 
making its appearance soon after the first cutaneous eruption. Syph- 
ilitie iritis usually makes its appearance within the first year following 
the infection. It occurs either as a simple plastic iritis or as a paren- 
chymatous type. Plastic iritis often occurs about the second month 
of the disease; it is characterized by intense supra-orbital pain—which 
is most intense during the night, and by sluggish, contracted pupils. 
The iris is discolored and fixed to the lens. Circumcorneal, deep in- 
jection is marked. In the parenchymatous type, yellowish-red nodules 
which are of the size of a pin-head or larger are observed on the inflamed 
iris, both at the pupillary and ciliary border. Such nodules are very 
characteristic of syphilis. 

Aural Symptoms.—The ear may become involved during the sec- 
ondary stage of syphilis. Such involvement may manifest itself by 
tinnitus, deafness and vertigo. The onset of these symptoms may be 
very insidious. The deafness produced by syphilitic acoustic neuritis 
may be slight, and the patient thus be able to hear a voice very well. 
He is able to hear tuning forks of the low pitch well by air conduc- 
tion, but may hear the high pitched forks poorly. The patient may 
complain of vertigo, nausea or vomiting, and spontaneous nystagmus 
may be observed. Of the latter symptoms, vertigo is by far the most 
common. 

Nervous Symptoms.—Nervous disturbances are fairly common and 
are of grave importance. Acute arterial disease may lead to thrombosis 
of the cerebral arteries and result in softening. Rupture of the artery 
usually occurs in the tertiary stage of syphilis. Acute meningeal myelli- 
tis and peripheral neuritis, with paralysis, are rather common. The 
tendon reflexes are at first increased, but later they become depressed 
and may even disappear altogether. 

Syphilitic Arthritis.—Syphilitic arthritis is an early symptom of sec- 
ondary syphilis. Dull pains occur in the joints and extremities, which 
resemble rheumatic pains. A slight effusion may be present, but as a 
rule the joints are not red, swollen or tender. Pains are most in- 
tense at night. Later in the course of the disease they become sharp 
and intermittent in character. Osteoscopic pains occur at various points, 
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such as the inner third of the ribs. Distinct tenderness may be observed 
at these points. The muscles and joints frequently feel stiff. 

Angina Syphilitica.—Sore throat is a common symptom of the sec- 
ondary syphilitic infection. The tonsils become swollen and the throat 
is sore. The soft palate and uvula are frequently affected. The throat 
appears inflamed and is of a dark red color. Tumefaction of the in- 
flamed tissue from healthy tissue is very marked and constitutes a 
sign which is of considerable diagnostic value. 

Skin Eruption.—The occurrence of a skin eruption next takes place. 
The types of lesions produced are extremely numerous, and they may 
simulate almost any type of skin disease. However, there are certain 
characteristics of the syphilitic lesions which more or less serve to 
identify their syphilitic nature. 

(a) Form.—The syphilids are a round, sharply defined cellular in- 
filtration of the papillary and superficial parts of the corium. They have 
a tendency to heal without producing any scar tissue. 

_ (b) Grouping.—The eruption has a tendency to become generalized, 
bilateral and asymmetrical; and they have a predilection for certain 
areas of the body. The sites most frequently affected are the face, the 
forehead, the areas about. the nostrils and mouth, the soles of the feet, 
the palms of the hands, the region about the anus and the genitals. The 
lesions may be abundant or somewhat scanty. The syphilids have a 
tendency to occur in groups and arrange themselves in circles or semi- 
circles or become annular. This tendency is most marked in the later 
lesions. 

(c) Color—The early lesions are a bright red in color, due to cu- 
taneous congestion and local inflammation. This color rapidly changes 
to a dull red, which may acquire the color of raw ham or the lesions 
may be of a copper color. A certain amount of pigmentation is present, 
but this is not prominent. The color—copper or raw ham—is very char- 
acteristic of syphilids, but this finding must be taken in conjunction 
with other diagnostic points in making a diagnosis of syphilis. 

(ad) Polymorphism—The syphilitic lesions are multiple or poly- 
morphic in type. Macules, papules and pustules, along with the scaly 
patch, may be indiscriminately intermingled. Polymorphism is espe- 
cially noticed during the early course of the disease. As the disease 
grows older, the lesions become more uniform im type. 

(e) Subjective Symptoms.—As a rule, subjective symptoms do not 
accompany the syphilitic eruption. The patient does not complain of 
pain or itching, except in rare cases. The negro occasionally complains 
of a slight itching, but this is not intense enough to cause him to scratch. 
The miliary papular and miliary pustular lesions are the lesions which 
are most likely to cause itching. Only rarely do these lesions cause 
itching in the white race. 

Common Types of Lesions in Secondary Stage.—The most common 
types of lesions in the secondary stage are erythematous or macular 
syphilid, papular syphilid, vesicular syphilid—which is relatively rare, 
and the pustular syphilid. With the exception of the erythematous 
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syphilid, these are all subdivided into other varieties, depending upon 
the size and shape of the lesions. 

(1) Erytuematous Sypuiuip (Roseola, Macular Syphilid) —The 
erythematous syphilid is the most common form of secondary syphilid 
and is the first to make its appearance, developing six to eight weeks 
after the chancre. The lesions appear at almost the same time that 
the lymphatic enlargement is noticed. The eruption consists of spots 
which vary greatly in size from that of a small pinhead to the size 
of a dime, or larger. The lesions are generally round or oval, but they 
are occasionally irregular. They first appear as rose-colored, but grad- 
ually change to a yellow as they begin to disappear. The lesions are 
not raised nor squamous, and are generalized. They may appear on 
any part of the body, with the exception of the face; however, a few 
isolated syphilids may be noticed on the forehead. The lesions have 
a predilection for certain parts of the body, such as the sides of the 
chest, the groins and the flexor surface of the forearms. The number 
of spots increases during the first week, and these remain for some 
time. Occasionally, the lesions present an annular appearance. This 
type of lesion makes its appearance later than the ordinary macular 
syphilid. These types of erythematous syphilid show a tendency to 
recurrence in the tertiary or late secondary stage. 

(2) THe PaputaR SypuHiLip.—This type of syphilitic skin lesion is 
very common. Various varieties of the papular syphilid are observed, 
depending chiefly upon the size and shape of the lesion and their loca- 
tion. The lesions may be flat or acuminate and they may be large or 
small. The lesions appear as hard elevations and present the char- 
acteristic copper or raw ham color. 

(3) THe SMALL, FLAT, PAPULAR SYPHILID.—This type of eruption 
appears as a small, red and brownish-red lesion, which varies from 
3 to 6 millimeters in diameter. The lesions present a smooth appear- 
ance early, but most of them become somewhat scaly and are sur- 
rounded by a sort of collar. The papules are usually very numerous 
and well scattered. The forehead is frequently affected, and especially 
at the margin of the hair. On the face, the areas about the nose and 
mouth are involved, while both the anterior and posterior aspect of 
the trunk are affected. The flexor surface of the arms, the palms and 
soles of the feet and the region about the clavicles are generally quite 
free from the eruption. The papular syphilid may become arranged 
in semicircles or they may assume an annular arrangement. For the 
most part they are discrete, but coalescence does occur with the pro- 
duction of plaques. The annular patches most frequently involve the 
face and they are especially noticed in the region about the mouth, on 
the chin, cheeks and forehead. This type of lesion usually makes its 
appearance within from three to six months after the infection. To 
begin with, it is usually associated with the macular type of syphilid. 
The lesion may last for months; when it disappears, slight pigmenta- 
tion is left at the site of the papule. This pigmentation disappears 
in time. 
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(4) Lareg, Fuat, Paputar Sypuiip—This type of syphilid first 
appears as a small red spot, which gradually increases in size and 
becomes elevated. The papule thus produced varies in size from six 
to twelve millimeters. It is smooth or but slightly scaly and brownish- 
red in color when the lesions are completely developed. The forehead, 
back of the neck, lower portion of the face, upper part of the back and 
flexor surface of the limbs, along with the inner aspect of the thighs, 
the palms, soles and the region about the genitals and anus are the 
sites most commonly affected. As a rule, polymorphism is not very 
well marked during the occurrence of a large, flat, papular syphilid. 
The eruption is usually quite uniform. 

(5) ConpyLomata Lata.—When syphilitic papules are located on 
the areas of skin which are opposed to each other and which are more 
or less moist—such as the mucous surfaces at the angles of the mouth 
and about the anus and vulva, beneath the foreskin or on the scrotum— 
abraded surfaces may appear. These resulting lesions give rise to a 
secretion, and then they are called moist papules. They are more or less 
covered with an adherent membrane. The moist papules may become 
infiltrated and hypertrophied and give rise to cauliflower-like warty 
growths known as condylomata lata. The surface appears grayish-white 
and may be excoriated. These condylomata lata are elevated and the 
surface usually appears raw. Infiltration is usually very marked and 
it is sometimes difficult to demonstrate the papillary nature of the 
lesion. Vegetated papules are occasionally observed; they appear as 
large caulitlower-like, warty growths and are most frequently observed 
on the face, scalp, shoulders and genitals. They are frequently accom- 
panied by abrasion and crusting of the adjacent skin. 

(6) FoLuIcuLaR SYPHILIp (Miliary Papular Syphilid or Acuminate 
Papular Syphilid) —The follicular syphilid occurs both as a large and 
as a small form. These two forms very commonly occur together; the 
lesions are located about the opening of the hair follicles. They are 
acuminate in shape and vary in size from that of a pinhead to a millet 
seed or larger. The follicular syphilid first appears bright red in color, 
but later on this changes to a brownish-red. As a rule, a small scale 
caps each lesion. The time occupied for the appearance of the erup- 
tion varies from two to fourteen days; most frequently, from ten to 
twelve days is the time required. The face, the scapular region, the 
upper arm, the thighs and the trunk are the most common sites for 
the lesion. This type of syphilid occasionally occurs in patches, which 
may be annular. 

(7) VESICULAR SYPHILID (Herpetiform Syphilid) —This type of skin 
eruption is extremely uncommon; its existence has even been denied. 
Various varieties have been described, differing according to size and 
arrangement of the lesions. The vesicles may be small or large; they 
may be generalized or occur in groups, affecting only certain regions of 
the body. They are observed on the face, the trunk and the extremities, 
and have a tendency to appear about the hair follicles. The eruption 
may simulate that of eczema and appear as a general eruption of small 
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vesicles, which may be either discrete or occur in patches. As a rule, 
the face is spared. If the vesicles are discrete, a copper-colored areola 
usually surrounds each lesion. The vesicular fluid may remain clear, 
break through the epidermis and give rise to a slight crust. Frequently 
pustulation occurs and leads to the formation of thin, yellow crusts 
and temporary pigmentation. 

The vesiculoid form of papular syphilid consists of numerous dis. 
crete vesicles on the top of a papule. They are about the size of a 
split pea and may ke either globular or umbilicated. These lesions may 
persist for some time and then rupture, producing the formation of a 
thin crust and pigmentation. Sometimes they become pustular and 
crust. 

(8) Pustutar SypHitip (Acneform Syphilid; Pustulocrustaceous 
Syphilid).—The pustular form of syphilid is less frequent than thé 
macular and papular types, but it is by no means uncommon. They 
may occur during any period of the secondary stage or during the 
tertiary stage. In general, they resemble the papular syphilid in 
morphology and arrangement of the lesions. The lesions may be pus- 
tular from the beginning, or they may begin as papules. They are clas- 
sified into large, small, flat or acuminate varieties. 

(9) THe SmaLL ACUMINATE SYPHILID.—This eruption consists of 
minute, miliary pustules, located about the hair follicles or the mouth 
of a sebaceous gland. A small, yellow crust is formed, producing pig- 
mentation. The lesion is of the same size as the corresponding papular 
syphilid, varying from the size of a pinhead to that of a millet seed. 
It begins as a small, red papule, capped with a pustule or vesicopustule, 
the contents of which, later, dry and produce small crusts. As these 
fall off, pigmentation is observed and rarely a small scar. The eruption 
may appear within two or three days and be very general, or it may 
occupy a period of ten to fourteen days before it is developed. As a 
rule, it appears during the first six months of the disease. It rarely 
ever occurs as an early eruption, but it may be seen quite late. The 
course is usually sluggish and the lesions usually remain several months. 

(10) Lar@e, ACUMINATE, PUSTULAR SYPHILID.—Large, acuminate, 
pustular syphilids may appear as lesions the size of a split pea, and 
closely resemble ordinary acne. They begin as a macule, which be- 
comes changed into a papule and later into a pustule. The syphilids 
are usually located about the hair follicles and upon a copper-colored 
infiltrated base. After one or two weeks, the pustule ruptures and leads 
to production of crusts. When the crust falls off, small ulcers or copper- 
colored papules are noticed. There is usually some scar formation, 
but the pigmentation gradually disappears. 

(11) SMALL, Fuat, Pustuuar SypHitw (Syphilitic .Impetigo).—The 
small, flat, pustular syphilid appears as a pustule about the size of a 
pea. The lesion is arranged in patches which are not very definite, or 
it may be without definite arrangement altogether. The contents of 
the pustule may dry and produce brown crusts; these crusts may be dis- 
erete when the lesions are not very numerous. However, if the lesions 
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are numerous and closely placed, considerable areas may be involved. 
Such areas as the scalp, the brow and the pubes, which bear hair, are 
especially affected, but the face may also be involved about the corners 
of the mouth, the nose and the chin; but the lesions may occur on other 
parts of the body. As a rule, this type of syphilid does not appear 
until in the late secondary or early tertiary stages. 

(12) Larer, Fiat, Pustutar SyPHILip.—This may oceur within the 
first year following the infection, but as a rule it appears about the 
seventh month. The lesions are usually superficial, but may invade the 
deeper layers of the skin. A thick crust caps the lesion. On removal 
of these crusts, ulcerations or erosions are observed which are super- 
ficial. However, most of the papules disappear without leaving any 
trace, except a slight pigmentation which also gradually disappears. 
This type of skin eruption may appear within a very short time, but 
frequently it comes out in crops and occupies several weeks in its de- 
velopment. The scalp, extremities and trunk may be involved. When 
the ulcerations are infiltrated, deep scars are much more likely to re- 
main. This deep type of pustular syphilid is insidious and may last 
for a month or even a year. New crops make their appearance from 
time to time. 

(13) PiamMENTARY SYPHILID.—Pigmentary syphilid is dependent upon 
the local deposit of an excess of pigmentation. The lesion may appear 
as rounded, oval or irregular, brownish plaques, whose borders are well 
defined, and which vary in color from a yellowish-brown to a deep 
brown in color. This type of lesion varies in size from three to two and 
one-half millimeters in diameter. <A diffuse pigmented syphilid may 
occur, which appears as a small, flat, non-infiltrated macule and then 
gradually increases in size. The syphilids may vary in their degree 
of pigmentation, some of the lesions appearing darker than others, 
while some will have leukodermic spots of varying size in the center 
of each lesion. The neck is the most frequent site, but the trunk may 
also be involved. This eruption usually occurs early in the secondary 
stage, but it may appear much later. After two or three months it 
usually disappears, but it may last for months or even several years. 

(14) Moist PapuLes——When the papular syphilid is situated on 
areas which are opposed to each other and therefore more or less moist, 
they become of a yellowish-white, or grayish-whitish color and secrete 
a sort of purulent discharge. This type of lesion is known as the mucous 
patch. It may become elevated, have a warty appearance and form 
the condyloma. Mucous membranes, such as the lips, cheeks, palate, 
tongue, labia and anus, are most commonly affected. The papule ap- 
pears round, oval and irregular; it is flat and only slightly elevated. 
The lesions may become eroded or slightly ulcerated. The mucous 
patch is most frequently seen in the oral cavity or on the lips, while 
the moist papule is most generally seen about the scrotum, perineum, 
vulva and anus. 
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C. Tertiary Stage 


Period of Incubation.—There is no definite period of incubation 
for the tertiary stage of syphilis, such as there is for the secondary 
stage. It may begin a few months after the cessation of secondary 
symptoms or it may appear as late as fifty or fifty-five years following 
the initial infection. However, the average period is from three to 
five years following the appearance of the chancre. It is during the 
tertiary stage of syphilis that the visceral changes are most frequently 
observed; but they are not confined to this period, as any part of 
the viscera may be affected during the secondary stage of the disease. 
Since any portion of the viscera is subject to involvement, the organs 
of each system will be considered ‘separately. 

Syphilids of the Tertiary Stage.—The syphilids of the tertiary stage 
of syphilis have certain characteristics which differentiate them from 
lesions observed during the secondary stage. As a rule, they are less 
numerous and their distribution is not symmetrical. They run a chronic 
course and show a tendency toward ulceration. Most common among the 
tertiary syphilids are the nodular or tubercular syphilid, the gumma, 
and the papulosquamous syphilid. 

(1) Nopuuar Sypuiuip (Tubercular Syphilid).—The nodular syph- 
ilid manifests itself by a dull red or brownish-red elevation, about the 
size of a large pea. These papules are grouped into patches which 
vary somewhat in size. The surface appears smooth or somewhat branny. 
The lesions are arranged in circles or semicircles. Occasionally, the 
nodules ulcerate and the ulcers assume the shape of a crescent; as heal- 
ing takes place, scarring may occur. Frequently, there is an area of 
increased pigmentation about the patches. This lesion is seen most 
frequently in the tertiary stage of syphilis, but occasionally it is also 
seen in the secondary stage. Usually, only a single patch is present; 
but this is not necessarily the case, since several patches may occur. 
The nodular syphilid may occur as late as ten years or more following 
the initial lesion, or it may appear as early as two or three years 
following the initial infection. The face is the site most frequently 
affected, but no portion of the body is exempt. 

(2) GumMaAtTous SypHILiv.—This type of syphilitic lesion is char- 
acteristic of the tertiary stage of syphilis; occasionally it occurs in the 
secondary stage. The lesion develops as a firm nodule, located in the 
subcutaneous tissue. It gradually increases in size and becomes ad- 
herent to the skin; it varies in size from the size of a hazelnut to the 
size of a small egg. The overlying skin becomes dark red to bluish 
in color and finally ruptures, allowing the discharge of a bloody, gummy 
fluid. The ulceration becomes quite deep and may extend to the sub- 
cutaneous tissue. The gumma may persist for several months or even 
years. Infiltration may become quite diffuse, and later be followed by 
ulceration at various points; these coalesce and form extensive ulcera- 
tion, with a tendency to crescentric outlines. Occasionally, the gumma 

; before ulceration occurs. The legs are the most com- 
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mon site for the occurrence of these lesions, but they may appear on 
other parts of the body, such as the sternum, the scalp, thighs and but- 
tocks. Necrosis of the bone may result from gummatous infiltration of 
the periosteum. Pain is usually absent, unless the gumma is so situated 
as to produce pressure. The gumma is usually single, but may be 
multiple. 

(3) PAPULOSQUAMOUS SYPHILID.—The papulosquamous syphilid con- 
sists of a scaly, papular eruption, which is limited to the palms and 
soles. It may appear as scaly patches which are somewhat elevated 
at their edges and are brownish-red in color or yellowish; or it may 
appear as flat nodular lesions capped with thin scales. The lesions 
are quite definitely defined and vary in size from several millimeters to 
about twelve millimeters. The eruptions are asymmetrical and usually 
affect only the single palm or sole. Sometimes the palm and sometimes 
the sole may be affected, but only rarely does the eruption occur on 
both palms and soles. Sometimes the syphilid may appear with a 
round or oval contour and be of a light red to a red color. This type 
of syphilid is surrounded by a narrow collar of thickened skin, the 
edges of which are eroded. This form of eruption may last for months 
or years, and constitutes one of the most difficult forms of syphilitic 
skin eruptions which we have to combat. It shows a marked tendency 
toward recurrence. 


SPECIAL SYMPTOMATOLOGY OF SECONDARY AND TERTIARY STAGES 


Gastro-intestinal Tract. 


EsoPHAGus.—Gummata or ulcers of the esophagus rarely occur; when 
present, they produce a deformity of the passage; or perforation may 
occur, leading to a tracheo-esophageal fistula and a subsequent septic 
bronchitis. Cicatrization of the gummata leads to progressive stricture 
which may be readily confused with carcinoma. I[.ocal dilatations are 
often necessary but systemic treatment should not be omitted. 

Stomacu.—Organiec gastric syphilis is rare except in advanced 
eases. It occurs usually between the ages of 35 and 40 years; on an 
average from 10 to 12 years after the initial infection, and the duration 
is about two years. Syphilis of the stomach manifests itself in vari- 
ous ways. Acute catarrhal gastritis, which occurs during the secondary 
period, is the result of the toxemia, rather than an organic lesion, which 
is rare. Chronic gastritis is more common and is usually responsible 
for the anemia and malnutrition which are present. Ulcers of the 
stomach, due to syphilis, are relatively rare, and are the result of an 
endarteritis. White was able to determine syphilis as the etiological 
factor in 14 per cent. to 1 per cent. of his private cases. He obtained 
a positive Wassermann in less than 2 per cent. of 204 hospital cases. 

Gummata of the stomach are rare. When they occur, they are 
generally multiple. A gummatous tumor may occur and lead to -ob- 
struction. Cicatricial formation may occur and lead to a contraction 
of the stomach wall. The symptoms of syphilis of the stomach are 
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not particularly unlike those due to non-syphilitic lesions. Pain soon 
after eating is very constant; rapid emaciation occurs and may be the 
symptom for which the patient seeks medical advice. A slight tempera- 
ture may be noticed. Hemorrhage is present in about 30 per cent. of the 
cases and may be the first symptom; it is sometimes fatal. Vomiting is 
quite likely to occur and achylia is observed. Free hydrochloric acid, if 
present, is found to be very slight in amount. 

Treatment of syphilitic lesions of the stomach is, as a rule, very 
satisfactory. This is especially true when the trouble is diagnosed early 
and the pathological progress is not too far advanced. The diagnosis 
depends upon the history of the patient. Careful observation is neces- 
sary, over a period of time, to eliminate other common diseases of 
the stomach. After these conditions are eliminated the therapeutic 
test will help to establish the diagnosis of syphilis. The fina] diagnosis 
depends upon the Wassermann test and the z-ray. 

INTESTINES.—Ulcerations and gummata occasionally occur in the 
intestines, and may give rise to grave symptoms of hemorrhage or ob- 
struction. Chronic diarrhea sometimes results which may become bloody, 
and lasts for a long time. It does not readily respond to treatment and 
leads to a cachexia which very closely resembles the cachexia of car- 
cinoma. Repeated hemorrhages may also result. Constrictions, dilata- 
tions or perforation may follow severe ulceration. The appendix is 
predisposed to a latent involvement. Gaucher states that a large per- 
centage of appendicitis early in life is syphilitic in origin. In 33 cases 
of appendicitis in infants he found the Wassermann test positive in 11 
instances (43 per cent.). Enterocolitis in hereditary syphilis is very grave. 

RectumM.—The rectum is the most commonly involved portion of the 
gastro-intestinal tract. This is especially true in females, probably in- 
directly caused by constipation. Gummata and ulcerations are not un- 
common and result in stricture of the rectum. The stricture is usually 
located within the lower 3 or 5 centimeters of the rectum and is acces- 
sible to touch. Fistula may also occur. 

Treatment should include local measures, as progressive dilatation, 
as well as systemic treatment. The early lesions of syphilis involve 
the rectal mucosa but usually pass entirely unnoticed or are given little 
attention. The symptoms are often very vague, and diagnosis without 
visual inspection is difficult. Patients with luetic ulcers in the rectum 
usually show a positive Wassermann test which establishes the diag- 
nosis quite definitely. 

SALIVARY GLANDS.—Salivary gland infection, due to syphilis, is quite 
rare. Gerber, however, has been able to collect 37 cases from the litera- 
ture. In 28 cases, there was an involvement of the parotid; of the 
remainder, the sublingual and submaxillary glands shared about equally. 
The swelling simulates a parotid tumor in appearance, or a chronically 
infected gland. There is a progressive swelling, which is not tender. 
If the gland is involved early in the disease, the onset is sudden and 
the swelling disappears quite rapidly; if it comes at a late stage in 
the disease there may be no other manifestations of syphilis, and the 
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swollen gland may be mistaken for a neoplasm. However, the syphilitic 
swelling will be reduced to normal in four to six weeks by appropriate 
antisyphilitic treatment. 

LivER.—The involvement of the liver in syphilis is frequent. It 
occurs in about 5 per cent. of cases of tertiary syphilis and is usually 
due, in that case, to gummata of some size or to a general biliary cir- 
rhosis. Clinical manifestations, however, occur even in the secondary 
stage and exhibit themselves in the form of: 

(1) Syphilitic Jaundice.—This is caused by a syphilotoxic paren- 
chymatous hepatitis and not by an obstructive jaundice. The symp- 
tomatology is jaundice, temperature, slight enlargement of the liver, 
more or less liver tenderness and mild to moderate constitutional dis- 
turbances. These symptoms all rapidly disappear under proper treat- 
ment. 

(2) Acute Yellow Atrophy.—Acute yellow atrophy occurs, for the 
most part, later in the course of the infection; however, Osler states 
that 10 per cent. of all cases of acute yellow atrophy occur during the 
secondary stage of syphilis. The liver is enlarged early in the disease 
but after a variable period it reduces rapidly in size; the symptoms— 
vomiting, jaundice, cerebral symptoms, delirium and involuntaries—are 
severe, and the case progresses rapidly to a fatal termination. Spe- 
cific treatment is of no value. The clinical course is usually run in 
one week after the severe symptoms develop. 

(3) Hepatic Gummata.—Hepatic gummata—simulating tumor—may 
also occur. It consists of a gummatous mass or a mass of cicatricial 
tissue which has replaced the gumma. Special symptoms develop when 
the tumor is of sufficient size and so located as to obstruct the inferior 
vena cava or any of the large bile ducts. Antisyphilitic treatment 
usually produces a rather rapid decrease in the size of the tumor mass 
and alleviates the symptoms. In these cases the iodids are of special 
value. 

SPLEEN.—It was formerly thought that the spleen was only occa- 
sionally involved in early syphilitic infection. Recent work, by Wile 
and Elliott, however, shows that acute splenic enlargement occurs in a 
large number of cases of early syphilis. This enlargement may be 
present even before secondary manifestations are apparent, and it is 
probable that it is the earliest syphilitic visceropathy. The enlarged 
spleen may be tender and may be soft or firm in consistency. 

The enlargement usually disappears quite early, after specific treat- 
ment is instituted, but the splenic tumor may persist and be the last 
manifestation of syphilitic infection to disappear. 

Perisplenitis 1s also seen quite frequently, especially where there 
are other symptoms of a syphilitic infection. It is frequent in con- 
genital syphilis and is then usually associated with a slight peritonitis. 


Respiratory Tract. 


NosE.—An initial lesion of the nose is of very rare occurrence. Gun- 
mata more commonly develop late. They involve the bone, cartilage, 
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periosteum and mucous membrane of the septum. These gummata show 
first as thickening of the septum, usually rather diffuse, later they 
heal down and produce a perforation with ulcerated edges; or they 
may begin simply as a necrosis with very slight or no thickening, simply 
a necrosis of a portion of the septum. When the sequestrum separates 
a perforation is left. Later on the bridge of the nose is depressed, 
forming the so-called saddle nose. 

Larynx.—Catarrhal laryngitis occurs very frequently (55 per cent.) 
during the secondary stage. Excesses in alcohol, tobacco and previous 
laryngeal trouble predispose to the occurrence of laryngeal syphilitic 
lesions. The larynx becomes red and edematous, the patient coughs 
considerably, and may become hoarse. A papular laryngitis may occur, 
analogous to the cutaneous papular rash. Stenosis of the glottis may 
result, if the ulcers invade the submucous tissue. Gummata of the 
Jarynx are usually multiple. If the invasion is extensive, symptoms 
such as dyspnea, dysphagia, dysphonia and death may occur, due to 
asphyxiation. Syphilis of the larynx must be differentiated from tuber- 
culosis and carcinoma. 

TRACHEA AND BRONCHI.—The trachea in the early period is hy- 
peremic, swollen and even ulcerated. Stenosis may follow the healing 
of a gumma and produce a deformity in the trachea, causing symptoms 
such as dyspnea, cyanosis, a frequently recurring cough, with expectora- 
tion of a sputum which is purulent or seropurulent. An acute bron- 
chitis may occur during the secondary stage; later a chronic bronchitis 
occurs. The bronchi may become invaded by gummata, or ulcers may 
develop. The healing gummata or ulcers may produce a stenosis, or 
a perforation may result from the erosion produced by the ulcer. 
Perforation may cause a tracheo-esophageal or broncho-esophageal fis- 
tula. In case of perforation, death may result from the hemorrhage 
or from a septic condition. 

Lune.—Syphilitic pulmonary affections are variable. They are rare 
and usually occur later in the disease. They do not give rise to any 
specific symptoms and they simulate the various types of tuberculosis, 
or occasionally carcinoma or pulmonary hydatids. 

Syphilitie phthisis can produce all the symptoms of all the periods 
of pulmonary tuberculosis: cough, mucopurulent sputum, hemoptysis, 
dyspnea, intense pleuritic pain, fever and loss of weight may occur. 
White pneumonia occurs in hereditary syphilis. It consists chiefly 
of an alveolar infiltration. 

MeEpIAsTINUM.—Syphiloma of the mediastinum and bronchotracheal 
adenopathy are frequently associated with tracheobronchial syphilis 
or lung syphilis. They can at times, however, be differentiated. The 
symptoms are those of mediastinal compression, and there is a particu- 
lar frequency of obliteration of the superior vena cava or the respiratory 
tract, and its nerves may be involved. Syphilitie aortitis is frequently 
coexistent. 

Syphilitic pleural disease usually occurs in conjunction with syph- 
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ilis of the lung. It simulates tuberculous pleurisy very closely, and 
great care 1s necessary in making the diagnosis. 


Vascular System. 


HeEart.—It has been shown that invasion of the heart begins at least 
as early as the first appearance of secondary symptoms or signs, and 
that serious and extensive lesions occur in the circulatory center. 
Myocarditis is the most frequent involvement. It begins in the same 
manner as a fibrous degeneration, fatty degeneration, brown atrophy or 
any other type of degeneration. 

In acquired syphilis the front or apex of the left ventricle or the 
ventricular septum is chiefly involved, while in congemtal syphilis the 
right heart is more frequently affected. There is an initial cardiac 
hypertrophy which is followed by dilatation and even by cardiac aneu- 
rysm. Stenosis of the conus or amyloid change may occur. In a series of 
00 consecutive autopsies performed by Brooks—some well-treated and 
some incompletely treated cases—myocarditis was present in 44 in- 
stances. Cardiac gummata are not very common, only five cases being 
discovered in the same series. The gummata may be quite extensive, 
invade the interventricular septum and lead to heart block. 

Coronary involvement is not uncommon. It was found in 35 cases 
of Brook’s series, and five of these were very striking cases in individu- 
als under thirty years of age. Angina pectoris, heart rupture or cere- 
bral embolism may occur. Warthin, after a study of 150 cases of ac- 
quired and 50 eases of congenital syphilis, believes syphilis to be the 
most common cause of cardiac disease. 

Pericarditis is almost invariably associated with myocarditis, and 
it does not present great ciinical signs. The signs are usually those 
of the myocarditis with which it is associated. Syphilitic endocardi- 
tis may cause valvular lesions. The aortic valve is most frequently 
involved. Two-thirds of the cases of pure aortic insufficiency are of 
syphilitic origin. 

Aortitis is a rather frequent sequel. Mussey found that in 1,379 
eases of clear-cut syphilis, the heart or aorta was diseased in 4.2 per 
cent., while Oberndorfer found syphilitic aortitis in 82 per cent. of au- 
topsies of cases with acquired syphilis. In 215 cases reported by Levin- 
son, there was a clinical diagnosis of aortitis in 24 cases (11.1 per cent.). 
Most cases of aortitis produce trouble between the ages of 40 and 90, 
but the trouble may occur earlier. Aortitis manifests itself by such 
symptoms as palpitation, arhythmia, tachycardia, pulse disturbance, 
precordial pain, dyspnea and substernal dullness. Grossman, in study- 
ing 288 cases with secondary syphilis, found arhythmia or pulse dis- 
turbance in 85 per cent. of the cases. He found heat murmurs, mostly 
the result of dilatation, in 40 per cent. Functional disturbances of 
the heart are quite likely to occur, involvement taking place, from a 
few months to many years after the initial infection. Aneurysm of 
the aorta is not infrequent, and Edwards believes that 90 per cent. 
of aneurysms are of syphilitic origin. They may be single or multiple, 
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and occur, chiefly, in the arch of the aorta. The aneurysms may also 
be located in the abdominal aorta or its branches. 

VEINS.—Secondary phlebitis makes its appearance from 2 to 6 weeks 
after the chancre. It is usually slow and indolent, and discovered 
only on careful examination. It rarely ever occurs rapidly, and it 1s 
seldom painful. Occasionally, it is associated with fever and general 
symptoms. 

The phlebitis is, most frequently, superficial. It may be segmentary 
in type, extend along the whole length of the vein, or the segments may 
alternate, diseased segments alternating with the healthy segments. 
The phlebitis can simultaneously or successively attack many segments 
of the veins in the patient. The diseased vein produces a reddened area 
which is slightly edematous, and in the center of which the thrombosed 
vein is seen. This area is usually free from pain. Very rarely, the 
phlebitis involves the deep veins. The limb becomes swollen, white and 
painful on motion. It clears up, in from 4 to 6 weeks, and is never 
followed by an embolism. 

LYMPHATIC GANGLIA.—During the tertiary stage, gummatous adenitis 
may involve any of the groups of lymphatic glands. Uleerations may 
occur which may become phagedeniec in type. The blood-vessels are in- 
volved by this process, and they may be opened, producing hemorrhage 
or septicemia, usually with a fatal termination. 


Bones and Joints. 


OssEous System.—During the secondary stage the patient frequently 
complains of osteoperiosteal pains. These pains may occur in any of 
the bones—such as the tibia and cranium—and are usually more severe 
during the night. Pains may occur in the side, simulating a pleurisy, or 
in the sternum, simulating angina pectoris. They may be dull or in- 
tense, but usually yield quite readily to specific therapy. Late in the 
secondary or tertiary stage, the periosteal node is palpable. It is the 
result of a chronic periostitis and is usually found on the tibia. It 
is at first soft, but later becomes sclerosed. This node is somewhat 
tender to pressure, and nocturnal aching occurs. It rarely suppurates, 
and usually improves with general treatment. 

The changes and clinical manifestations of the tertiary period are 
much more pronounced. Gummata occur, which may be either diffuse 
or circumscribed, single or multiple, and a sequestrum may be present 
or absent. The gummata produce pains which may be dull or violent, 
and which are worse at night. These pains are usually quite definitely 
localized and improve with treatment. 

Subperiosteal gummata sometimes lead to the production of caries 
of the adjacent bone. The vertebre may be involved, the condition 
closely simulating Pott’s disease. On the other hand, new bone is some- 
times developed under the periosteum and leads to osteosclerosis. 

Osteitis of the- facial bones sometimes leads to perforation which 
may destroy the superior maxilla, the palate bone or nasal bones. The 
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tion enters the sequestrum and meningitis results, which is fatal; or 
compression of some of the facial nerves, resulting in facial paralysis, 
neuralgia of the trigeminal or amauroses may occur. Cranial ostitis 
may produce compression of the brain, which resembles cerebral tumor 
very closely, in which case it may be necessary to trephine and remove 
the thickened bone. 

Sclerosis may become quite extensive. It may be severe enough to 
compress and constrict the vessels in the haversian canals and greatly 
interfere with the vitality of the bone, so that a subsequent pyogenic 
infection is almost certain to produce necrosis. 

Gummata, occasionally, invade the interior of a bone and cause 
a syphilitic osteomyelitis. The bone expands and secondary thicken- 
ing occurs, with enlargement of the whole structure. This process may 
be very resistant to antisyphilitic treatment, in which ease it will be 
necessary to separate the periosteum, freely open the medullary cavity 
and remove all diseased tissue. 

Cases such as these may frequently become confused with malignant 
growths of the bones; they are quite readily diagnosed, however, by 
the history of the patient, the occurrence of tertiaries in other parts, 
rapidity of growth and the Wassermann test. 

ARTICULATIONS.—Arthralgia may occur very early and even precede 
the roseola. It is usually localized in those joints which fatigue rather 
easily, and the pain is most marked during the night or when the patient 
lies down. They are relieved by exercise. Subacute synovitis occurs 
which closely simulates subacute rheumatism; however, it differs from 
it in several ways which are of clinical value in making differential 
diagnosis. Syphilitic synovitis affects a small number of joints, usu- 
ally one or two at a time. The pain is chiefly nocturnal; there is less 
redness of the skin and less limitation of movement; fever and sweating 
are less marked than in subacute rheumatism; it reacts to antisyphilitic 
treatment but not to the salicylates. 

Chronie synovitis is manifested by an effusion into a joint. It may 
be painful or without pain. Although any joint may be involved, the 
knee is the most frequently affected; the effusion may be extensive 
enough to produce an hydrarthrosis, which in some cases resists all treat- 
ment and leads to disorganization of the joint. 

Gummata may invade the perisynovial tissues and manifest them- 
selves as a hard tumor mass producing few symptoms, or they may be 
diffuse and produce an effusion. In case an effusion occurs, thicken- 
ing of the capsule or ligaments may also occur and markedly impair 
motion. Occasionally, a gumma may break down and lead to an ulcera- 
tion. A gummatous synovitis is also seen which very closely simulates 
a tuberculous process, and may be difficult to differentiate. The onset 
of the syphilitic type of the disease is more rapid, less painful, the 
effusion is greater and the lesion presents more symmetry. The Was- 
sermann test is positive. 

Chondro-arthritis commences by a fibrillation of the matrix of the 
eartilage and a proliferation of the cells. The cartilage becomes soft 
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and is eroded by the friction of the articular surface. Pain is usually 
absent. The bone becomes pitted and these pits may be filled with 
caseous material. 


Muscular System. 

During the secondary stage of syphilis, myalgias are quite common. 
The pains are quite definitely localized, or they may be radiating in 
character. The lower limbs, loins and shoulders are most frequently 
affected. Contractions of some of the muscles may occur; the biceps 
is almost exclusively attacked, fixing the forearm in semiflexion—a con- 
dition which may last for several weeks. 

In the tertiary stage, gummata may involve some of the muscles. 
The gummata are usually single and the sternocleidomastoid is most 
frequently affected. The tendon of a muscle may be invaded and lead 
to a rupture of the tendon. Diffuse interstitial myositis chiefly affects 
the biceps, the sphincter and the masseter and the flexors of the fingers, 
the deltoid or the sternomastoid. The onset is insidious; vague pains 
occur; progressive limitation of motion and a uniform swelling de- 
velops which produces pain on motion. The muscles slowly atrophy, 
become sclerosed, and an incurable deformity results. Amyloid de- 
generation also occurs. 


Genito-urinary System. 

BLADDER.—Gumma of the bladder may occur without symptoms, or 
it may produce symptoms, principally pain, which is variable in type, 
and may be intermittent, continuous or radiating and may be increased 
on pressure. These pains are especially marked at micturition, if the 
gumma occurs near the urethral orifice. 

Hematuria is the most constant symptom of tertiary syphilis of the 
bladder. It is observed toward the end of micturition (terminal hema- 
turia) ; or the blood may occur throughout the entire time of micturition 
and be either slight or profuse. The urine on microscopical examina- 
tion, for the most part, contains a considerable number of blood-cells, 
both red and white. Pollakiuria is a frequent symptom. Gumma of 
the bladder is most likely to occur during middle life. 

KipNEY.—Gummata of the kidney are rarely recognized during life. 
The cortex of the kidney is most frequently involved, but invasion of 
the medulla may occur. Gumma of the kidney usually manifests itself 
a number of years after the initial lesion; it develops slowly, and 
rarely gives rise to symptoms which enable one to diagnose the con- 
dition. The gumma may, however, become very large and simulate 
malignancy. Chronic parenchymatous nephritis and amyloid degenera- 
tion are usually associated with this condition. Albuminuria is fre- 
quently observed during secondary syphilis but it also oceurs in the 
tertiary stage. 


Special Senses. 


EYE: (a) Gummatous Iritis—This condition may develop during the 
tertiary stage of syphilis. The ciliary border of the iris is the most 
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common site. Gummatous iritis consists of yellow nodules which are 
similar to gummata in other parts of the body. This type of iritis 
when treated early usually responds readily. 

(b) Optic Neurttisz—Gumma may produce optic neuritis. Venous 
congestion results and leads to hemorrhage upon the papilla, which is 
swollen. Unless antisyphilitic treatment is immediately administered, 
optic atrophy is likely to occur. The loss of vision is gradual and the 
field of vision becomes progressively decreased. 

(c) Paralysis of the External Ocular Muscles.—The presence of a 
gumma may produce pressure on the nerves, which enervate the external 
muscles of the eye and produce a palsy or even a complete paralysis. 
The gumma may be located in various places in the brain, in the third 
or fourth ventricle, or in the region of the nuclei, or along the course 
of the nerve. The oculomotor nerve is most frequently involved and 
such involvement manifests itself through ptosis, bynopsia and strabis- 
mus. Paralysis of the third nerve is also followed by an enlargement 
of the pupil and loss of accommodation; and irregularity in the size 
of the pupils may result. 

Ear.—The tertiary lesions of the ear are extremely rare. The auricle 
may be invaded by a gumma, and early and extensive ulceration may 
occur. The destruction is usually rapid. The external meatus is only 
rarely involved; deafness may occur at any time during the tertiary 
stage of syphilis. It usually has an insidious onset, and the patient 
is able to hear the voice for some time after he has lost the ability to 
hear higher tones. The most frequent cause is the presence of the 
gumma at the base of the brain, involving the auditory nerve. 


Nervous System. 


Syphilis of the nervous system occurs much more frequently in men 
than in women. It usually occurs between the ages of 25 and 40, and is 
most likely to occur following trauma, great nervous or mental strain. 
The nervous system, as a rule, does not become seriously involved if 
the syphilitic infection is diagnosed and treated early. It is the patient 
who does not notice the chancre or secondary symptoms, or else pays 
no attention to the presence thereof, who is usually thus affected. 

SYPHILIS OF THE Brain.—The brain is quite frequently involved and 
about 50 per cent. of brain syphilis occurs within three years following 
the infection. It may develop much earlier. Syphilitic cerebromeningi- 
tis is probably the most frequent form of cerebrosyphilis. The favorite 
location for the lesions is the basilar area, but no part of the brain is 
exempt. In syphilitic meningitis, gummata are usually found which 
vary in size from miliary bodies to some of considerable size, which 
are either solitary, few or many. They act similar to brain tumors 
and produce similar symptoms. 

SYPHILITIC LESIONS OF THE CRANIAL NERVES.—The cranial nerves are 
exposed at the base of the brain, where syphilitic meningeal involve- 
ment is most frequent. The thickening of the meninges is quite likely 


to compress the nerves as they pass out of the skull. The optic nerve, 
VOL, III.—23. 


354 SYPHILIS 


oculomotor, abducens, trigeminal, facial, auditory, and rarely the hypo- 
glossus, glossopharyngeal and vagus, may be involved. The third nerve 
is affected in about 40 per cent. of the cases; it usually gives rise to 
ptosis, strabismus and pupillary stasis. Optic neuritis occurs very fre- 
quently and may lead to atrophy. The trigeminal, when involved, gives 
rise to disturbed sensibility, but more frequently to neuralgic pains. 
Facial paralysis is occasionally seen, and is sometimes associated with 
unilateral deafness. 

The general symptoms of cerebral syphilis depend upon the lesions 
present and their location. There is nearly always a premonitory period 
during which treatment is of much value. Later the damage done to 
the brain is irreparable, and medication can do nothing more than check 
the progress of the disease. As a rule, brain syphilis first makes its 
appearance during the secondary stage, but it may occur at any time 
after that, even up to the twentieth or thirtieth year after the original 
infection. This premonitory stage is characterized by headaches which 
are severe and often deeply seated, as well as circumscribed. It is fre- 
quently marked by local tenderness on percussion and usually shows 
nocturnal exacerbations. Disturbance of sleep is also noted; this is due 
in part to the nocturnal headache, but the patient is often troubled 
with insomnia even after the headache subsides. The mental attitude 
of the patient is changed; he is apathetic, does not care to study or 
work, and his memory is frequently impaired; he feels and acts de- 
pressed and indifferent. His general health often fails, he loses in 
weight and becomes anemic. 

SPINAL SYPHILIS.—Spinal syphilis usually makes its appearance be- 
tween the third and sixth month after syphilitic infection, and is rather 
precocious. It involves the meninges, nerve roots and blood-vessels, 
and the symptoms depend upon the degree of involvement as well as 
upon the location of the lesions. 

SYPHILITIC MENINGITIS AND MENINGOMYELITIS.—These furnish the 
usual type of spinal syphilis and are marked chiefly by pains which 
are of extreme intensity and usually much worse during the night. 
They are usually associated with the lower extremities, and pain in 
the back is also complained of. Palsies are usually partial and attack 
a certain group of muscles; they are accompanied by disturbed sensa- 
tions in the cutaneous area of the identical innervation. Only rarely 
are palsies complete. The patient complains of a feeling of weakness 
in the legs and in rare cases the upper membranes are most affected. 
Frequently, the cord is affected and there is a tendency to spasticity 
in the lower extremities. Gummata in the meninges produce tumor 
symptoms or the Brown-Séquard syndrome. 

SYPHILITIC ATAXIC PARAPLEGIA.—This condition is usually of insidi- 
ous onset and develops within a few weeks, months or years. The 
first symptoms are a feeling of heaviness and paresthesia in the legs. 
These are soon accompanied by difficulty in emptying the bladder 
through the spasmodic action of the sphincter. Rigidity and spasticity 
of the legs soon develop and show themselves in the gait. The patient 
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drags his toes, his knees are adducted, and his steps become uncertain; 
knee jerks, the rectus and ankle clonus and the toe sign are usually 
well marked. Muscular strength is more or less reduced. 

There is also a group of syphilitic infections for the so-called 
parasyphilitic disease, or syphilis of the fourth stage. Chief among 
these are tabes and paretic dementia. These diseases are fully discussed 
in the chapter on Syphilis of the Nervous System. 


Laboratory Findings 


Blood Tests.—Various tests have been devised to determine the syph- 
ilitic antibody in serum. The Wassermann test and its modifications 
are the tests most universally used. 

WASSERMANN REACTION.—The Wassermann reaction, although it 1s 
known that it is not absolutely specific—since positive reaction is occa- 
sionally observed in other diseases than syphilis—yet the test indicates 
syphilis in a great majority of cases. Of tests done on 4,000 individuals 
suffering with other diseases than syphilis, Craig obtained 12 positive 
reactions (0.3 per cent.). These results now are attributed to errors in 
technic. A positive Wassermann test is considered clinical evidence of 
syphilis, except in the following: frambesia, the tubercular type of 
leprosy, some cases of relapsing fever, some malarial infections during 
the febrile stage, some instances of experimental trypanosomiasis, and 
beriberi. In all other diseases where the test was positive, it was iiupos- 
sible to rule out associated syphilis. In five cases of tertian malaria, 
Craig observed positive Wassermann reactions, and Thompson likewise 
obtained several positive reactions in the same diseases, but in each case 
the test became negative as soon as the fever and the plasmodium dis- 
appeared; yet the appearance of a positive Wassermann during this 
type of malaria is relatively rare. 

Kesults of Wassermann Reaction in Various Stages of Syphilis —The 
results of the Wassermann test, in the several stages of syphilis, vary 
considerably. The test is most frequently positive in the secondary 
stage, but primary and tertiary stages yield a high percentage of positive 
reactions. Craig has tabulated the results of the Wassermann test in 
600 eases of syphilis. The following table is taken from his excellent 
work, ‘‘The Wassermann Test’’: 


PRIMARY STAGE 
Time of Appearance of Wassermann Reaction in 600 Cases of Primary Syphilis 





Weeks after 


Appearance of Chancre Total cases | Positive | Per cent. Negative Per cent. 
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- Craig states that no tést was considered positive unless there was 
complete inhibition of hemolysis (a +-+--+-+ reaction), except in very 
early primary cases, where a +-+-++ reaction was considered positive in 
a few instances. Moreover, he states that in at least 95 per cent. of these 
cases only one Wassermann test was performed, and concludes that 
the percentage would undoubtedly be much higher had additional] tests 
been made. 

Time of Appearance of Reaction —Craig observed, in 600 cases of 
primary syphilis, that 36.3 per cent. of the cases gave positive tests 
during the first week; 59.3 per cent. during the second week; 68.9 per 
cent. during the third week; 77.2 per cent. during the fourth week; and 
81.3 per cent. during the fifth week. These figures show the great value 
of the Wassermann test, even in the primary stage of syphilis, and 
specially where it has been impossible to demonstrate the Treponema 
pallidum in the secretions. Cases are on record, moreover, which show 
that positive reactions have been obtained as early as the third and 
fourth day after the appearance of the chancre; also a few ques- 
tionable cases where positive reactions were reported even before the 
initial lesion. Craig reports two cases which gave a positive Wasser- 
mann reaction five days after the initial lesion appeared and in each 
case Treponemata pallida were demonstrated. The number of positive 
tests obtained during the secondary stage, by a number of investigators, 
varies from about 80 to 100 per cent., with an average of about 94.5 per 
eent. In the tertiary stage, they vary from 57 to 96 per cent., with 
an average of 83.3 per cent. This seemingly great variation depends 
somewhat upon whether or not the patient has received treatment and 
the extent of the treatment. The results obtained by the Wassermann 
test during the latent stage of syphilis show a marked variation from 
33.3 to 81 per cent., with an average of about 58 per cent., while in 
congenital syphilis the results vary from 60 to 100 per cent., with an 
average of 85.4 per cent. 

The Wassermann reaction on the cerebrospinal fluid, during the pri- 
mary stage, is rarely positive. Wile reports that 30 per cent. of the 
eases of secondary syphilis gave a positive Wassermann reaction on 
the spinal fluid. Craig and Collins also found that a considerable pro- 
portion of the early secondary cases gave positive reactions. In the 
tertiary stage, a considerable number of positive reactions were yielded, 
whereas in latent syphilis the percentage of positive reactions obtained 
is smaller and, according to Craig, does not exceed 15 per cent. Fordyce 
reports a pathological spinal fluid in less than 20 per cent. of the cases, 
with an absence of symptoms pointing to central nervous involvement. 

Factors Which Influence the Wassermann Test.—There are several 
factors which influence the results of the Wassermann reaction, more 
or less, such as ingestion of alcohol in considerable amount, the develop- 
ment of certain bacteria in the blood serum, ether or chloroform anes- 
thesia. There is also a variation in the strength of the reaction from 
day to day. 

(a) Ingestion of Alcohol.—When large amounts of beer or whisky 
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are ingested, a strongly positive serum can be changed to a negative 
one. The reaction generally becomes positive again within 24 hours, but 
may remain negative as long as three days. Nichols and Craig studied 
9 cases, 3 of which were in the secondary stage and 6 in the tertiary 
stage of syphilis. Ingestion of alcohol caused positive reactions to 
disappear; in 5 of the cases, the reaction had become negative within 
one hour after the last dose of alcohol was administered, and all re- 
mained negative for several hours; 3 of the sera remained negative for 
24 hours and in 1 case for three days. Experimental control showed 
that the reaction was not due to the alcohol itself, since much larger 
amounts were necessary to produce hemolysis, but that the aleohol prob- 
ably rendered inert some of the substances in the blood-serum of the 
syphilitic, which bind the complement, thus causing a strongly positive 
test to become negative. It is possible that a weakly positive test may 
become negative after the ingestion of a small amount of alcohol. A 
negative test is of little or no value on a patient who has recently 
drunk any amount of alcoholic liquor. 

(b) Development of Certain Bacteria in Blood-serum.—Certain an- 
ticomplementary substances may develop in the blood-serum of a pa- 
tient and cause inhibition of hemolysis, both in tubes containing antigen 
and in the control tubes in the Wassermann test. As a rule, the major- 
ity of bacteria are destroyed by heating, but some of them may survive 
and thus interfere with the interpretation of the test by causing inhi- 
bition in the antigen and control tubes. Craig has shown that some 
of these anticomplementary bodies are produced by the growth of bac- 
teria in the blood-serum to be tested, if the serum is kept for some time. 
The organisms do not only produce anticomplementary bodies, which 
cause inhibition of hemolysis in both the antigen and control tubes 
of the test, but certain species are shown to possess the power of 
causing inhibition of hemolysis in the antigen tube alone, thus pro- 
ducing a positive reaction in a serum which clinically should be absent. 
Thus, one sees the value of using fresh specimens of blood, wherever 
possible, and, if it is impossible to run the test soon after drawing the 
blood, the specimens should be collected with aseptic precautions, so as 
to prevent bacterial contamination, and the test made as soon as pos- 
sible. 

(c) Ether or Chloroform Anesthesia.—Occasionally, after a patient 
has had an ether or chloroform anesthetic, the blood yields a weakly 
positive reaction. To avoid a wrong interpretation of the test, a period 
of at least two days should be allowed to elapse, following anesthesia, 
before the Wassermann test is made on a patient. 

(2) Variation in Strength of Reaction from Day to Day.—In the 
course of the examination of the blood-sera, variations frequently occur 
in which the reaction may vary from a strongly suspicious one to a 
doubtful or negative one within the period of a week or two. Rarely a 
positive test changes to a negative one, upon a second examination within 
a similar period, no treatment having been administered at any time; 
later tests again become positive. Such a phenomenon shows that there 
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is an inherent error in the Wassermann test itself, due to a variation 
in the body or bodies of the serum which is essential to the reaction. 

Value of Repeated Wassermann Tests.—Craig selected 10 patients 
suffering from undoubted syphilis, in order to observe the normal varia- 
tion in the strength of the reaction in untreated cases of syphilis. Most 
of these men were prisoners and the use of alcohol was thus obviated. 
There were 2 in the primary stage, 4 in the secondary stage, and 4 in 
the latent stage of syphilis, no treatment having been administered for 
over a year. The patients in the primary stage had typical chancres; 
those in the secondary stage developed eruptions and mucous patches; 
while the four in the latent stage were free from obvious symptoms. 
All gave a ++-+-+ reaction at the time of the experiment. Blood was 
collected every day and tested on the same day. Daily titrations of 
the strength of the complement-fixations were made. 

In the primary stage, considerable variations occurred in the comple- 
ment-fixing power of the blood-serum in both the eases, but in neither 
ease did the reaction become negative with the diagnostic amount of 
serum—1/10 of 1 ¢.c. In one ease, a slightly plus or doubtful rea*tion 
was obtained upon three of the seven days; in the other, on two of 
the seven days. This indicates that sufficient examination during the 
primary stage will lead to a higher percentage of Roattty results than 
are usually obtained. 

In the secondary stage of syphilis variations were also observed, and 
it was noticed that a case giving almost complete inhibition of hemoly- 
Sis on one day could be negative or doubtful on the succeeding day. 
In one case, the experiment gave a practically negative result on one 
day and a doubtful reaction on two other days. The four cases of 
latent syphilis gave a definite history of syphilis, but no symptoms 
were present for one year. All had received one to two injections of 
salvarsan and gave a +--+ Wassermann reaction shortly before titration 
of the blood was begun. In three of the cases, the variation 
was very marked. In only one case was the Wassermann reaction defi- 
nitely positive. These results show the fallacy of depending upon a 
single negative reaction for the elimination of syphilis. Repeated tests 
should be made before the patient is assured that he is free from syph- 
ilis, and then only when the results of the test are in accord with the 
history and physical findings. 

PROVOCATIVE WASSERMANN TEst.—Gennerich, in 1910, first called at- 
tention to the fact that some cases of syphilis which gave repeated nega- 
tive Wassermann tests gave a positive Wassermann reaction after the 
injection of salvarsan. He observed that the test became positive as 
early as a few hours after the injection or as Jate as two weeks following 
the injection. These results directed his attention to the value of the 
provocative Wassermann test in the diagnosis of syphilis, where the 
simple Wassermann was negative, as well as to its value in determin- 
ing whether the patient was really cured of his syphilitie infection or 
not. He observed that the provocative Wassermann test was frequently 
positive in cases which had been treated for some time and which gave 
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negative tests during a variable period. Milian, Herxheimer and 
Michaelis also called attention to the value of the provocative Wasser- 
mann test in studying syphilis. 

The real value of the provocative tests is not as yet definitely estab- 
lished. King is very dubious about the existence of such a phenomenon. 
He believes that the change from negative to positive tests after the 
injection of salvarsan is due either to a normal variation in the com- 
plement-binding ability of the blood-serum or to variations in technic 
or from the reagents used in making the tests when the tests are made 
on different days. The work of many observers on the provocative tests 
does not corroborate his conclusions. In a series of ten cases Michaelis 
checked the provocative test with the luetin test, and in each case the 
tests agreed, proving conclusively that the phenomenon does occur. The 
exact cause of this phenomenon is not definitely known. Any of the 
antisyphilitie drugs are capable of producing the test, but salvarsan is 
the most effective. When mercury or potassium iodid is used, it is’ 
necessary to administer it for ten to fourteen days before attempting 
the test. Occasionally it is necessary to give three or four injections 
of salvarsan to produce a positive Wassermann reaction. This is espe- 
cially true in cases of latent visceral syphilis. 

Lerrede reports a case of syphilitic meningitis in which the test, 
which was negative, became positive after six injections of neosalvarsan 
and two weeks of rest, and also reports a case of tabes in which the 
provocative test became positive after four injections of neosalvarsan 
and a month of rest. 

Two theories are offered to explain this phenomenal reaction. One 
of the theories considers the phenomenon as being the result of stimula- 
tion of the Treponema pallidum by the antisyphilitic drug, causing the 
organism to produce some substance which produces the Wassermann 
reaction; while the other theory holds that the reaction is the result 
of some substance or toxin liberated by the organism which stimulates 
the body tissues and increases the bodies involved in the Wassermann 
test. Since these changes may be only very temporary, it 1s necessary 
to withdraw the blood for the test very soon after the injection. More- 
over, one test is not to be relied upon, if negative, but subsequent tests 
should be made at various times. 

The technic of the test consists in taking blood from the vein before 
the administration of salvarsan for a control. The salvarsan is then 
administered, and a few hours later more blood is taken, and again at 
various subsequent times. The ideal method consists in withdrawing 
blood every four or eight hours during the first two days following 
the injection. In this way, the best results should be obtained. How- 
ever, this method is hardly practicable. If possible, it is best to run as 
many of these specimens as possible at one time, since such procedure 
will reduce to a minimum the error in technic and that due to reagents. 
From .4 to .6 gram of salvarsan is the usual dose administered. 

The percentage of provocative tests which result positive is compara- 
tively small. Stokes and O’Leary obtained 19 positive tests in 103 of 


360 SYPHILIS 


the provocative tests made—or 14.4 per cent. Craig’s work is in accord 
with such figures and he states that very seldom are the figures higher 
than 20 per cent. obtained in a limited group. 

A provocative Wassermann test is of value in recognizing syphilis in 
patients who have been free from symptoms for some time, thus de- 
termining that they are cured and need no further treatment, or that 
they are not cured and need further treatment. The provocative test 
is also of value in that large group of cases of old syphilis or suspected 
syphilis, which gives a + or +-+ Wassermann reaction. 

In cases of osseous syphilis, it was positive in 20 per cent. of the 
cases, while it was positive in 25 per cent. of cases with involvement of 
the central nervous system, and in 33 per cent. of vascular syphilis. 

The indications for the provocative tests are very well summed up by 
Stokes and O’Leary. They consider the provocative test to be of 
value in: 


(1) Cases with a definite history of primary or secondary lesions 
or suspicious genital sore of any description where the Wassermann 
is negative. 

(2) Syphilis in the husband or wife or a history of a sore in 
either one. 

(3) Treated cases to determine whether they are cured or need 
further treatment. 

(4) Obseure bone or joint lesions. 

(5) History of miscarriages unless the cause is obvious. 

(6) Mothers of syphilitic children without clinical signs of the 
disease. 

(7) Cases with a history of positive Wassermann elsewhere, 
negative on present examination. 

(8) Mental deviates and constitutionally inferior individuals 
with suspicious histories. 

(9) Certain signs, illustrated by special examinations, such as 
decreased bone conduction, with normal hearing, chorioretinitis, 
retinitis pigmentosa, bilateral dacryocystitis in childhood. 


In spite of the fact of the small number of provocative Wassermann 
tests, which are positive in latent syphilis and syphilis of the bones 
and nervous system, we must consider it as a valuable diagnostic meas- 
ure, inferior, however, to therapeutic tests. If the negative Wasser- 
mann reaction is to become positive, it usually does so within from a 
few hours to five or six days after the administration of the salvarsan. 
For this reason, it is good practice to take at least a daily specimen 
of blood for a week or ten days and again on the twelfth or fourteenth 
day. 

HECHT-WEINBERG-GRADWOHL TeEst.—The Hecht-Weinberg test, as 
modified by Gradwohl and carried out with a properly prepared and 
standardized antigen, furnishes a very delicate test for the detection 
of syphilis. The test is conducted with unheated sera and thus avoids 
the development of complementoid substances. Gradwohl states that 
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the test has never been negative in any case where the Wassermann was 
positive, but that it has frequently been positive in cases where the 
Wassermann was negative. Heidingsfeld agrees in this statement. This 
makes the test especially valuable as a check on the Wassermann reac- 
tion. Even when the Wassermann test was conducted with the use 
of cholestrinized human heart antigen and the Hecht-Weinberg-Grad- 
wohl test was conducted with the non-cholestrinized antigen, the latter 
test frequently gave positive results where the Wassermann test was 
negative. 

Gradwohl, after an experience with 5,000 comparative Wassermann 
and Hecht-Weinberg-Gradwohl tests, was able to show that fully 98 
per cent. of the people examined had some natural anti-sheep ambo- 
ceptor present. This leaves approximately 2 per cent. of cases where 
the Hecht-Weinberg-Gradwohl is not applicable and where the Wasser- 
mann test would necessarily be employed. He considers it a far better 
test than the Wassermann in all cases, with the exception of this group. 
Kolmer, however, maintains that the Ilecht-Weinberg-Gradwohl test 
possesses a greater negative than positive value, since it is open to 
the error of being falsely positive. He obtained about 4 per cent. 
pseudo-positive tests. These tests were done largely with the sera of 
healthy students and assistants, where the Wassermann was negative 
with all antigens, and the assumption was quite reasonable that they 
were not syphilitic. He obtained about 16 per cent. more positive 
reactions with this test than with the Wassermann when conducted 
with cholestrinized extract as antigen, of which reactions 12 per cent. 
were true positives, 26 per cent. more true positives when conducted with 
the alcoholic extract of liver, and 18 per cent. more positives when extract 
of acetone insoluble lipoids were used. Moreover, six of the sera ex- 
amined by Kolmer produced positive Wassermanns and a negative 
Hecht-Weinberg-Gradwohl reaction, out of 360 which were examined— 
a figure slightly less than 2 per cent. He considers that the Hecht- 
Weinberg-Gradwohl reaction has its greatest value as a serological con- 
trol in the treatment of syphilis, since during the treatment the Was- 
sermann reaction becomes negative much sooner than the modified test. 

Parasites.—Dark Field Illumination.—Schaudinn and Hoffman dem- 
onstrated the Treponema pallidum in primary and secondary lesions, by 
means of the dark field. To detect the Treponema pallidum in scrapings 
obtained from the chancre, smears from mucous patches, secretions of 
papules or condylomata, or even some of the secretions of the lymph 
glands, is now one of the means of establishing a definite diagnosis. 
Because of the great refractive power and the resistance which the 
Treponema pallidum offers toward staining with aniline dyes, it is not 
practicable to use ordinary bacterial dyes to demonstrate the organism. 
The use of the dark field illuminator is the best means of detecting the 
organism. With this apparatus, the organism is quite readily recog- 
nized. The use of an India-ink smear is also very useful in detecting 
the organisms. A drop of black India-ink is placed on a slide, some 
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of the serum from the lesion is thoroughly mixed with it, and a cover 
glass placed over the smear. 

Treponema pallidum is a.very delicate structure, presenting from 
6 to 12 or more spiral incurvations. The length varies from 3 microns 
in young organisms to 15 microns, with an average length of 7 to 8 
microns. The width is about 0.25 to .4 micron. The organisms present 
rapid local movements, a double motion, with a resultant motion re- 
sembling a corkscrew: Its differentiation from other organisms resem- 
bling it is not very difficult; this is done by exclusion of diseases 
which are relatively rare in this country and by the difference in con- 
struction of the organisms. 

In spite of the fact that the Treponema pallidum possesses rapid 
local movements, yet it does not travel across the microscopic field very 
quickly, but often remains in practically the same position for some 
time. This slow locomotion differentiates it from Treponema gracilis 
and Treponema refringens, which are the only two treponemata which 
are likely to be seen when searching for Trcponema pallidum in the 
exudate from lesions other than those in the mouth. Besides moving 
faster, the Treponema gracilis is coarser, while Treponema refringens is 
much larger, thicker, and travels decidedly faster than the Treponema 
pallidum. 

Tissue.—Biopsy as a means of diagnosing syphilis has long been 
practiced, but of late years it has been replaced by the Wassermann 
test to a great extent. There are, however, conditions in which its use 
is of great value. It is sometimes used to differentiate syphilis of the 
skin from tuberculosis of the skin, or a condylomatous growth or a 
malignant growth. A small section is removed by excision with a knife 
or scissors and is placed in a hardening solution for a short time; it 
is then placed on a slide and stained. Frozen sections are not easily 
prepared, because of the great difficulty in cutting so small a section with 
the microtome before it is somewhat hardened. After the section is pre- 
pared the histopathology is studied under the microscope and the diag- 
nosis based on this. 

TlistopaATHOLOGY.—In all syphilitic processes, irrespective of the 
stage of the disease, there is an accumulation of round cells and pro- 
liferation of connective tissue cells. This process is first observed in 
the region of the smaller blood-vessels, but later it is seen to extend to 
other tissues. The walls of the blood-vessels become thickened, and it 
is not uncommon to observe the presence of endarteritis. 

(a) The Primary Lesion.—Primary lesions present areas of round- 
cell infiltration, first observed in the region of the blood-vessel; small 
spheroidal, epithelioid cells, with a proliferation of connective tissue 
cells in the neighborhood of the blood-vessels. Thickening of the endo- 
thelium of the vessels and rarely a giant cell may be observed. 

(b) The Secondary Lesions.——The macular syphilid shows very few 
changes under the microscope. An erythema is present and the vessels 
of the papillae and subjacent corium are dilated. There is an infiltra- 
tion of lymphocytes and plasma cells surrounding these vessels. The 
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papular syphilid shows as a circumscribed lesion in the cutis, composed 
of lymphocytes, plasma cells and fibroblasts. The blood-vessels show 
the characteristic changes seen in the chancre. Since the secondary 
syphilids undergo spontaneous involution, little more than a microscopic 
residue may be noticed. 

(c) Gumma.—There is an extensive infiltration of round cells and 
a proliferation of connective tissue cells which are of a spindle type. 
The blood-vessels are considerably involved; the intima is thickened and 
the adventitia is also affected. Proliferation of new blood-vessels occurs; 
the center of the lesion is necrotic and may be replaced by a fibrous 
tissue. Giant cells occur, but are few in number. 

ORGANISMS.— With proper staining, it is possible to demonstrate the 
Treponema pallidum in the tissue. The stains best suited for this 
are Goldhorn’s stain, Gram’s stain and Levaditi’s. With stains by 
Goldhorn’s method, the organisms present a violet color, which may be 
changed to a bluish-black by flooding the preparation for 15 to 20 sec- 
onds with Gram’s iodin solution and washing it off, while by Gram’s 
method the organisms assume a pink color. With Levaditi’s stain, the 
organisms are dark. 

Cerebrospinal Fluid.—Noguchi observed that in syphilitic infection 
and the so-called parasyphilitic infection there was an increase in the 
globulin content of the blood-serum and the cerebrospinal fluid. This is 
of great value, since it is more constant and more marked than the 
content in the Wassermann antibody. There are various tests formu- 
lated by Noguchi and Nonné which are used in determining the pres- 
ence of globulin. Noguchi’s test consists in using 2 parts of spinal 
fluid and 5 parts of butyric acid (10 per cent.) in a normal salt solu- 
tion, heating them together over a flame and boiling for a short period; 
then 1 part of a normal sodium hydroxid solution is added, and the 
whole boiled once more for a few seconds. The appearance of a granular 
or flocculent precipitate indicates a positive test. Cerebrospinal fluid 
containing blood must be carefully avoided. 

NONNE-APELT REACTION (PHASE 1).—A quantity of cerebrospinal 
fluid is layered over an equal quantity of a hot saturated solution of 
ammonium sulphate, by means of a pipet. The ammonium sulphate is 
first allowed to cool (one c.c. each of the fluid and sulphate is sufficient). 
If the globulins are increased, a more or less distinct ring occurs at the 
plane of contact. After this, the mixture is thoroughly shaken and the 
results estimated within 3 minutes. If the fluid is distinctly opalescent 
or cloudy, it is considered positive. 

Besides determining the presence of globulin in the spinal fluid, it is 
also of value to determine the presence of lymphocytes. This is done 
with a counting chamber. A very slight lymphocytosis is commonly 
found in some of the syphilitic affections, such as general paresis, cere- 
brospinal syphilis and tabes dorsalis. It is less common, however, in 
tabes. 

Nonne considers less than 6 cells per cubic millimeter normal; 6 to 


364 SYPHILIS 


10 cells per cubic millimeter as suspicious; and 10 cells per cubic milli- 
meter of the spinal fluid as pathological. 

CottoiaL Goup Tzst.—Lange, in 1912, discovered this test. In 
recent years it has been carefully investigated and shown to be pecul- 
iarly accurate in syphilitic cases and especially in paresis. It consists 
in mixing cerebrospinal serum with various dilutions of colloidal gold. 
Aside from the preparation of the colloidal gold solution, the test is 
extremely simple and can be carried out in from 5 to 10 minutes. The 
test depends upon various color changes; the color changes are entirely 
absent with a normal fiuid. 

Cutaneous Test.—The LUETIN TEST, first introduced by Noguchi, is a 
cutaneous reaction similar to the von Pirquet test for tuberculosis. No- 
guchi considers the test specific for syphilis and his work has met with 
more or less approval from other men. The test is made by injecting 
intracutaneously from 0.7 to .1 ¢.c. of luetin, which is a sterile emulsion 
prepared from heat-killed Treponemata pallida of various cultures. The 
results of the test are classed as positive or negative, and, according 
to Noguchi, the positive may appear in any one of three forms. It may 
appear (1) as a papular reaction, which makes its appearance within 24 
to 48 hours following the injection; (2) as a pustular form, which is 
less frequent; or (3) a torpid form, which is characterized by the time 
of appearance, usually from 18 to 20 days. 

A negative test consists of the absence of inflammation at the site 
of the injection or the disappearance of any existing redness by the 
fifth or sixth day. There are a certain number of cases, however, where 
it is very difficult to differentiate, clinically, a positive from a negative 
reaction. In such cases, any doubt can be readily removed by the use 
of biopsy and a study of the histopathology, such as infiltration of 
lymphocytes about the capillaries and the presence of giant cells. 

The test is of most value in tertiary and latent syphilis and in the 
late secondary syphilis. Noguchi obtained positive tests in 80 per cent. 
of the cases of latent syphilis; 70 per cent. in cases of congenital syph- 
ilis; and 60 per cent. in cases of syphilis of the nervous system. The 
test is of little value in the primary and secondary stages of 
syphilis. The chief value of the test lies in diagnosing the occasional 
cases of tertiary, latent or congenital syphilis which do not produce a 
positive Wassermann reaction, and as a check on the Wassermann re- 
action. 

The specificity of the test is, however, attacked by a number of recent 
investigators. Chieffi, after an extensive study of the test, concludes 
that it is not specific, shown by the fact that the reaction is frequently 
positive in non-syphilitic persons who have lupus, leprosy and other 
skin lesions, as well as by the fact that the reaction may be produced 
in syphilitic persons by the use of other toxic, bacteriological substances, 
such as gonococcus vaccines. Tzanch and Bernard, on the other hand, 
state that they obtained a positive test in a case of leprosy, but in no 
other cases. They further report that in six cases of hereditary syph- 
ilis the luetin test was positive in all six cases, whereas the Wassermann 
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was positive in only three of them. Sherrick has shown that the luetin 
test is influenced by the ingestion of potassium iodid. He has been 
able to obtain positive tests by the administration of from 20 to 30 
grains of potassium iodid, three times daily, irrespective of the presence 
of syphilis. The work of Lyon is in agreement with that of Sherrick. 
Sherrick was also able to obtain a reaction identical with the latent 
reaction, irrespective of the presence of a syphilitic infection by the 
intradermal injection of agar-agar, or starch, and the administration 
of potassium iodid. These results are in harmony with the work more 
receutly done by Stokes, who was able to evoke a positive test by the 
intracutaneous injection of agar-agar, thus showing that the test was 
not specific. Stokes concludes that the reaction is a colloidal one and 
that, at least in part, the test is a physical reaction. 


Special Examinations 


X-ray Examinations.—Roentgen examination is of considerable diag- 
nostic value in determining the presence of syphilis in certain cases 
which give repeated negative Wassermann reactions and in which the 
elinical picture is not quite clear. 

BoneEs.—The examination of the bones by this method frequently 
reveals the presence of a syphilitic infection, characterized by rather 
definite pictures obtained on the roentgenogram, depending somewhat 
upon whether the infection is of the hereditary or acquired type. In 
hereditary syphilis, the most characteristic finding is the existence of 
osteochondritis. It manifests itself mainly as a periosteal thickening, 
with irregular absorption of the bones at the epiphyseal end of the 
diaphysis, a widening of the epiphyseal cartilage and irregular borders. 
In case of an epiphyseal separation a callous shadow occurs. 

Syphilitic dactylitis usually involves the periosteal end of the diaphy- 
sis and leads to considerable thickening. These factors differentiate it 
from tuberculous dactylitis, which usually begins at the epiphysis and 
produces little thickening of the periosteum. Moreover, the swelling 
produced in tuberculosis is due to the inflammation in the soft tissues, 
while in syphilis the swelling is primarily the result of thickening of 
the bone itself. Tuberculosis is a destructive process, while syphilis 
is chiefly a productive process. 

Ossifying periostitis is usually associated with syphilitic osteochondri- 
tis. It may be either unilateral or bilateral, and the flat bones are 
not infrequently affected. The acetabulum frequently shows osteophytic 
deposits; the ribs are practically always involved, concomitant with 
osteochondritis of any of the tubular bones. 

The shadow of congenital syphilis is quite characteristic. There is an 
enlargement of the periosteum about the metacarpal bones or phalanges. 
The metatarsal or tarsal bones can be similarly affected. The shadow 
resembles a cloak enveloping the bone, and constitutes the character- 
istic picture. 

The scabbard-shaped tibia is quite pathognomonic of hereditary 
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syphilis. The shadow produced is that of a diffuse, spongy line-shadow 
which is usually enlarged; and frequently disintegration of the old 
bone may be noticed quite clearly. It is quite uncommon for other 
bones to be affected in hereditary syphilis, unless the tibie are likewise 
affected. 

Acquired Syphilis-—Acquired syphilis manifests itself in the form 
of periostitis or gummatous periostitis and presents a periosteum with 
an irregular contour. Slight erosions may be present or an extensive 
ruggedness may exist. The periostitis may occur as scattered areas, or 
it may extend along the entire end of the diaphysis. The shadow pro- 
duced is not always localized, but may be quite general in appearance. 
In case of a subperiosteal gumma, the periosteum may be distinctly 
elevated. The shadow produced will depend upon the location of the 
gumma; if placed superficially but little shadow will result. If the 
continuity of the periosteum is destroyed, the shadow produced will 
be distinctly moth-eaten in appearance. If the periosteum bulges con- 
siderably, a bow-like periosteum results, which occurs most frequently 
on the tibia. If a syphilitic osteitis is present, considerable hypertrophy 
exists and a roughness and furring is the result. Syphilitic invasion 
of the bone is always associated with sclerosis, which manifests itself 
by a darker shadow. 

JOINTS.—Thickening of the periosteum is the most characteristic 
result of joint syphilis. On the roentgenogram the bones produce dis- 
tinct shadows, quite different from those produced by tuberculosis of the 
joints. If sclerosis of the bone is present, a dark shadow located within 
a thin shadow is observed. This shadow is quite distinct, and is not 
spotted or irregular as in tuberculosis. Should any doubt exist as to 
diagnosis, a study of the lesions on the diaphysis, the result of an old 
periostitis, such as the sclerosis of the periosteum, and its thickening, 
will settle the diagnosis in favor of syphilis. The shadows produced 
by syphilis of the joints are similar to those produced when the shaft 
of the bone is affected. Syphilitic arthritis occurs in the form of a 
synovitis, with little tendency toward epiphyseal involvement, with no 
changes on the roentgenogram. <A multiarticular form of syphilis of the 
joints occurs and manifests itself by swelling and flexion of the fingers, 
rarefaction and subsequent destruction of the bone ends, or bony anky- 
losis may occur. 

Charcot Joints—Charcot joints present a picture which varies with, 
the progress of the involvement of the bones. It may present but 
a slight irregularity in the long outlines or it may be accompanied 
by complete destruction of the bones of the involved joint. Atrophy 
of the articular cartilage, irregular destruction of the bone, hyperplasia 
of bone and joint cartilage and translucent areas in the lower ends 
are often found. 

THe AortTA.—Roentgen examination is frequently of the greatest 
valué in diagnosis of difficult eases of aneurysm of the aorta. The char- 
acteristic finding is a diffuse dilation of the area, associated with a 
distinct bulging, which is more prominent than the rest of the vessel. 
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The roentgen finding depends upon the location of the aneurysm. When 
the ascending aorta is affected, the shadow produced by the dilated 
aorta contrasts very distinctly with the auricular shadow. When the 
arch is affected, a club appearance is noted, the result of a more promi- 
nent bulging on one side or the other. The descending type is char- 
acterized by a shadow which is rather transparent in its anterior portion. 

Instrumental Examinations.—OpPiTHALMOSCOPE.—Examination of 
the eye frequently furnishes considerable evidence for the diagnosis of 
syphilis. The eye is first examined externally to detect any asymmetry 
and the presence of ptosis or strabismus. This done, the pupils are care- 
fully studied and any irregularities or changes in the size of the pupils 
noted. By the use of a small pocket light, held so that the rays of light do 
not directly enter the eye, the reaction of the pupils to light may be 
tested, noting whether they react rapidly, sluggishly, or not at all. The 
pupils are also tested for accommodation by having the patient look 
at some distant object for a short time and then look at the observer’s 
finger or a pencil held quite close to the eye. If there is a change in 
the size of the pupils, the patient’s pupils are still capable of accom- 
modation. If the pupils react to distance and not to light, the patient 
has an Argyll Robertson pupil. This is very common in tertiary syphilis. 

Internal examination of the eye should be made with the ophthalmo- 
scope. With it, we are able to detect any changes in the fundus of 
the eye which are characteristic of syphilis. Findings with the ophthal- 
moscope vary according to whether the lesion is due to hereditary or 
acquired syphilis. Patches of pigment of various shades will be scat- 
tered over the background. The fundus is discolored, leaden, or brown- 
ish and reddish; yellow spots are noticed, standing out from the pig- 
mented background. These spots may be observed at the periphery only 
and they are not necessarily very pronounced, but if at all prominent 
hereditary syphilis is indicated. Whitish, circular, and frequently con- 
fluent patches which appear to be located in the region of the choroid 
may be noticed. In acquired syphilis, the fundus is clouded and the 
disk appears red and hazy. White scales are frequently observed, which 
are quite characteristic and indicate disease of the retinal artery. Hemor- 
rhages are not uncommon; or white lines occur which represent the 
circumscribed white exudate along the blood-vessel. There may be con- 
siderable deposits of pigment. 

Iritis is the result of syphilis in about 25 per cent. of cases, and is 
an early symptom of the secondary stage. It is characterized by an 
immobile, slightly contracted pupil, which may be irregular; spots of 
exudate; dulling of the color of the iris; deep ciliary injection; pain 
and photophobia. 

CystoscoPpe.—During the syphilitic infection, the bladder suffers 
along with the other epithelial and mucous tissue. Syphilis of the 
bladder may manifest itself entirely independently of other syphilitic 
manifestations and may consist of a simple hyperemia or actual gum- 
matous destruction. 

In the secondary stage of syphilis there is either an increased vas- 


368 SYPHILIS 


cularization of the bladder mucosa or it becomes more or less congested. 
Diffuse islands of mucus are scattered through the mucosa, and in 
severe cases patches may occur which are identical with the mucous 
patches in the mouth. These may be multiple and become so extensive 
as to lead to ulceration. 

In the tertiary stage, syphilis manifests itself as ulcerations or papil- 
lomata. Ulcerations are quite readily diagnosed; they may be rounded, 
rather extended, isolated or multiple; they may project into the cavity 
of the bladder; their edges are infiltrated, irregular, and the base is 
generally covered with a yellow, purulent mass. Occasionally, the syph- 
ilitic lesions appear as tumors, which are even pedunculated at times, 
and resemble very closely a polypus or a group of unequally enlarged 
papillomata. They are found in the region of the trigone, around the 
neck of the bladder and sometimes seem to be continued into the urethra. 

LARYNGOSCOPE.—During the secondary stage, mucous tubercles or 
superficial ulcerations occasionally occur in the region of the vocal 
chords or on the epiglottis, at the same time as the skin rash and the 
condylomata and mucous patches occur in other locations. During the 
tertiary period, diffuse infiltrations or localized gummata may develop 
in the larynx, which produce destructive ulcerations. The epiglottis 
and aryteno-epiglottidean folds are especially involved, but the whole 
glottis may be affected. The perichondrium is quite likely to become 
affected and be followed by necrosis of the laryngeal cartilage. Cicatri- 
zation and laryngeal stenosis may be noted. 

PRocTOSCOPE.—The proctoscope is a very valuable aid in detecting 
syphilitic lesions in the rectum. It is introduced gently into the rectum. 
The rectum becomes inflated with gas, and examination becomes rela- 
tively easy. This method is used to detect the initial lesion or primary 
chancre, which is occasionally found in the neighborhood of the 
anus, while in the secondary stage mucous patches or condylomata are 
sought, and in the tertiary stage the gummatous ulceration is the lesion 
looked for. Strictures may also be observed. 


DIAGNOSIS 


Since the prognosis of syphilis depends largely upon the administra- 
tion of antisyphilitic treatment early, and since it becomes progressively 
worse as the Treponema pallidum is allowed to multiply within the 
body tissues, it is of the greatest importance that the diagnosis of 
syphilis be made as early as possible. The methods of diagnosis vary 
with the stage of the disease. 


A. Diagnosis in Primary Stage 


Diagnosis in the primary stage of syphilis is made by a study of 
the history, the examination of the patient, the finding of the organism 
by means of the examination of the exudate from the chancre, and by 
the complement-fixation test. 
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History.—The patient should be interrogated relative to his possible 
exposure to infection. The condition of exposure should be obtained, if 
possible, as well as the time of the appearance of the sore. The incu- 
bation period varies, but the chancre usually makes its appearance from 
25 to 30 days following the infection; it may appear, however, as early 
as 14 to 17 days following the infection or as late as 40 days after the 
infection takes place. The period of incubation is of considerable value 
in differentiating the syphilitic chancre from chancroid. There is no 
such definite period of incubation preceding the appearance of the 
chancroid; it may appear a few hours to two days following the ex- 
posure; moreover, the syphilitic chancre is primarily a neoplasm, while 
the chancroid is of an ulcerous type. Unfortunately, many patients 
give a history which is very vague and of little value to the physician. 
If this is the case, it is necessary to ascertain as much as possible by 
examination of the patient. 

Physical Findings.—Examination should consist of carefully ob- 
serving the patient, who should be stripped. The lesion or lesions 
should first be observed and note should be made as to the location, num- 
ber of lesions and the character of the lesions. This done, the glands 
of the groin, the epitrochlear glands, the cervical glands and sub- 
occipital glands should be carefully palpated, in order to detect any 
enlargement. Enlargement of the epitrochlear glands is very suggestive 
of syphilis; it is, however, necessary to eliminate any enlargement which 
may be due to some other infection, such as infection of the hand, finger 
or forearm. Inguinal adenopathy in syphilis usually occurs within two 
weeks following the appearance of the syphilitic lesion and lasts from 
three to six months, depending upon treatment. The examination is 
not complete until the whole body has been carefully examined, paying: 
special attention to the buttocks, the region of the anus and the mouth. 
The tongue must be very carefully examined, as also the mucous mem- 
brane of the mouth, the tonsils and the fauces. Although primary lesions 
in these areas are relatively uncommon, yet we cannot afford to overlook 
them if they are present. 

Laboratory Findings.—ExupaTe From Sore.—After the lesion or 
lesions are located, an attempt should be made to demonstrate the Trep- 
onema pallidum. Serum from the sore should be collected and be ex- 
amined by means of the dark-field illuminator. If the illuminator is 
not at hand, an India-ink stain should be prepared. The finding of 
the organism makes the diagnosis absolute. Frequently a patient who 
has used some antiseptic on the sore will present himself for examina- 
tion. If this is the case, he should bathe the ulcer with plain H,O and 
return in about 24 hours; examination at this time will reveal the 
Treponema pallidum, if present. If the ulcer does not ooze sufficient 
serum for examination, it can readily be made to do so by irritation, 
mechanically or chemically. 

COMPLEMENT-FIXATION Test.—The Wassermann test is of far greater 
value in making a diagnosis of syphilis during the primary stage of the 
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hundred cases of syphilitic infection tested, Craig obtained a positive 
reaction in 89.8 per cent. of the primary cases; no caseg were con- 
sidered positive unless complete inhibition of hemolysis occurred, except 
in very early cases where a -+--+--+ blood test was considered as posl- 
tive in a few instances. Moreover, only one test was made in over 95 per 
cent. of the cases. Had subsequent tests been made, the percentage of 
positive tests would undoubtedly have been greater. The time at which 
the Wassermann becomes positive during this stage is very variable; 
Craig reports 1 case where the Wassermann was positive 5 days after 
the chancre appeared and 2 cases where it was positive 8 days following 
the initial lesion. In about 36 per cent. of the primary cases tested, 
there were positive reactions during the first week following the initial 
lesion. Vedder reported 3 cases which gave a positive reaction 1 week 
following the appearance of the initial lesion, and in 2 of these the dark 
field examination was negative. 

Noguchi in a series of cases of primary syphilis obtained 92.3 per 
cent. positive reactions, while Vedder in a separate series obtained 
73.5 per cent. and 81 per cent. respectively. These results would lead 
to the conclusion that the Wassermann is of great diagnostic value in 
primary syphilis in a majority of cases, especially when it is impossible 
to demonstrate the Treponema pallidum in the exudate from the chancre, 
as is occasionally the case. 


B. Diagnosis in Secondary Stage 


The diagnosis of syphilis during the secondary stage is usually com- 
paratively easy. It is based upon the history of the patient, physical 
examination and laboratory examination of the blood, spinal fluid, ex- 
udates and tissue removed by biopsy. 

History.—The history of the patient should furnish us with the date 
of recent exposure or exposures, if this is possible. We should then 
inquire relative to the occurrence of a sore or sores; how long before 
healing was complete; when the sore was first noticed and the nature 
thereof. It is also necessary to inquire as to the occurrence of any 
adenopathy, especially in the inguinal region. We should also inquire 
relative to the occurrence of a rash; whether it was preceded by a sore 
or sores and the period that elapsed between the appearance of the sore 
and the eruption. The patient should be interrogated as to a sore 
throat, alopecia or peculiar cold sores on the lips. Further, his gen- 
eral health should be investigated, particularly as to fever, headache, 
bone pains, pains in the joints, and the general run down sensation 
commonly called ‘‘grip.’’ 

Physical Findings.—The patient should be stripped and his whole 
body carefully examined. His skin should be examined to detect any 
rash; his genitals should be examined to see whether there is any indi- 
eation of an active sore or a scar, the result of its healing, and, if found, 
they should be palpated to detect any induration, and to determine its 
consistency. The groins, neck and epitrochlear region should be care- 
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fully palpated to discover any lymphatic gland enlargement, and the but- 
tocks, anus and scrotum should be examined for condylomata. The 
throat should be examined for mucous patches, observing especially the 
lips, angle of the mouth, genitals, uvula, fauces and tongue. 

Tue RasH.—The rash, which occurs from 42 to 45 days following 
the appearance of the chancre, is the most diagnostic clinical sign of 
syphilis. The appearance of a rash with a rather definite incubation 
period following the initial lesion was depended upon formerly in making 
the final diagnosis of syphilis. Such procedure to-day would be un- 
pardonable, since we have learned by modern experience that syphilis 
is more readily cured when it is treated early in the primary stage than 
after the secondary symptoms have appeared. 

The rash begins as a macular eruption, which later becomes papular 
and even pustular. It begins most frequently on the sides of the chest, 
the flanks and the scapular region. It is at first relatively red, but 
later it becomes quite typical in appearance as regards color, location 
and morphology of the individual lesions. It assumes a copper color, 
which does not disappear on pressure; the flexor surfaces of the arms 
and legs, along with the soles and palms, the region about the mouth, 
nostrils and anus, are the sites usually affected. The papules may ex- 
foliate, and thus each be topped by a small scale. This rash may be 
small or large, papular, pustular or even tubercular. 

The rash is accompanied by more or less fever; the patient has head- 
aches, which may be very severe and are most intense during the night. 
He has nocturnal bone aches, neuralgias, anemia, and, very frequently, 
splenic enlargement, and complains of a sore throat. Mucous patches 
are present in the mouth and may appear on any mucous surface. These 
are usually multiple and may even be associated with ulcerations. They 
are present fairly early in the secondary stage and are very contagious. 

CoNDYLOMATA.—Condylomata appear rather late in this period. They 
occur most commonly between the buttocks, in the region of the anus 
and about the scrotum, are flat and have a weeping surface. Like mucous 
patches, the condylomata are very contagious. 

ALOPECIA Syputmitica.—Alopecia syphilitica affects the scalp, the 
eyelashes and eyebrows. The hair falls out in circular spots, which, 
however, are not entirely bald, but have stubs of hairs scattered over 
them. These spots may be numerous enough to give the scalp a peculiar 
moth-eaten or mouse-eaten appearance. The baldness is seldom perma- 
nent. 

GLANDULAR INVOLVEMENT.—The lymphatic glands are extensively in- 
volved during this stage of syphilis. The involvement is very diffuse 
and is rarely followed by suppuration. Puncture of the large glands 
will enable one to obtain Treponema pallidum from the fluid so obtained. 

Tue Eyvz.—Examination of the eye is frequently of value in making 
a diagnosis of syphilis during the secondary stage. The infection pro- 
duces an iritis and such a condition is equally as indicative of early 
syphilis as the Argyll Robertson pupil is of late syphilis. Internal 
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examination with the. ophthalmoscope may reveal the presence of a 
syphilitic retinitis or syphilitic choroidoretinitis. 

Clinical Examination——In the secondary stage, the general char- 
acter of the eruption, its distribution on the flexor surface, its copper 
eolor and association with concomitant symptoms, along with history 
of an initial lesion, is usually sufficient to make a clinical diagnosis of 
syphilis. The finding of Treponemata pallida in the exudate from any 
of the lesions settles the diagnosis definitely. It is much more diffi- 
cult to find the organism in such lesions as syphilitic papules on the 
skin, any ulcerations on the tonsils, palate, etc., than it is to detect 
them in the initial lesion. The detection of Treponemata pallida in 
condylomata, moist papules and mucous patches is relatively easy, as 
these lesions are very contagious and contain large numbers of 7'rep- 
onemata pallida. 

To secure a good flow of serum, it may be necessary to remove the 
superficial epithelium to produce a fresh surface; then the serum is 
expressed from the lesion. Lieutenant Colonel L. W. Harrison (Brit- 
ish) suggests a very efficient method of obtaining a secretion of exudate 
from syphilitic papules from the skin. ‘The superficial layer of cells 
is first removed, the mouth of a test tube is then smeared with vaselin 
and the bottom of the tube heated; then the open end of the tube is 
placed over the denuded papule. Sufficient suction is produced to cause 
quite a flow of serum, which is collected and examined. 

Laboratory Findings.—WassERMANN TEsT.—In the secondary stage 
of syphilis the Wassermann test is of most value as a diagnostic meas- 
ure. Noguchi obtained 96 per cent. of positive reactions during the seé¢- 
ondary stage; Craig, 96.1 per cent.; Vedder, 91.9 per cent.; and Swift, 
92 per cent. Judging from such figures, we may readily conclude that 
the Wassermann reaction is a most certain diagnostic procedure during 
the secondary stage of the disease. If a negative Wassermann on the 
blood is obtained and the clinical findings point toward syphilis, a test 
should be made, using the spinal fluid, before syphilis is eliminated. 


C. Diagnosis in Tertiary Stage 


In many of the cases of tertiary syphilis the manifestations are 
very typical and the diagnosis is made easily. 

History.—The characteristic lesions of this stage are tumors and 
ulcerations. Hence, our differential diagnosis deals mostly with dif- 
ferentiating tertiary syphilis from malignancy or tuberculous processes. 
The history of the patient should inform us as to any lesions of syphilis 
that have occurred at an earlier date, whether the patient ever observed 
an indolent sore—especially on the genitals—or a peculiar sore on any 
part of the body. It should inform us as to the previous occurrence 
of a rash, alopecia, sore throat, sores on lips or lesions around the 
anus. If any lesions are observed at the time of examination, the patient 
should be interrogated about the appearance, development and duration 
thereof, since the gummata which are the characteristic lesions of this 
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period are relatively slow in developing and pursue a chronic clinical 
course. 

Physical Findings.—It is on physical examination of the patient that 
we obtain most of our information for making a clinical diagnosis of 
tertiary syphilis. The patient should be carefully examined from head 
to foot, making sure no lesions which may be present may be over- 
looked. The gumma, the most characteristic lesion of this period, occurs 
on the lower limbs, the arms, head and cranium. The gumma first 
occurs as an oval nodule, quite deeply located in the subcutaneous tissue, 
and at first is small. The size varies considerably. The consistency of 
the gumma depends, however, upon the stage during which it is ob- 
served. It is quite hard during the period of development; later, it 
becomes softer and even ulcerates. Ulceration of the mucous membranes 
is very frequent, as is also sclerogummatous involvement of the tongue, 
with or without leukoplakia or ulceration. The palate is often involved 
and perforation may occur. Syphilitic periostitis is a rather common 
lesion during the tertiary stage of syphilis and it is the tibia which is 
most frequently involved, although none of the other bones are entirely 
exempt. Distinct bone changes take place with the formation of osteo- 
phytes. Osteosclerotic or osteoporotic changes develop occasionally. 
Not infrequently, the liver is involved by the infection, and such in- 
volvement is manifested by an increase in size, nodulation of the liver 
and jaundice. The vascular system suffers very severely at this time 
and may show itself in the form of arteriosclerosis, aneurysm, myoardi- 
tis and valvular insufficiency, infecting chiefly the aortic valve. It is 
frequently in the examination of the cardiovascular system that the 
first clinical hint of a tertiary syphilitic infection is obtained. Ex- 
amination of the central nervous system is of great value, and often 
a diagnosis may be definitely established upon the findings obtained 
during such examination. The tendon reflexes may be abolished. The 
patient may have an Argyll Robertson pupil, which is very diagnostic 
of syphilis. The nervous symptoms produced are dependent largely 
upon the location of the gumma and are similar to those produced by 
a brain tumor. 

Laboratory Findings.—EXAMINATION FOR TREPONEMA PALLIDUM.— 
The search for the organism in the exudate or scrapings of the tertiary 
lesions is usually unsuccessful; therefore, it becomes necessary to rely 
upon other laboratory tests to make an absolute diagnosis. 

WASSERMANN TEST.—The Wassermann test is of considerable value 
in determining the diagnosis of tertiary syphilis. Craig found it to be 
positive in 87.4 per cent. of a series of cases of tertiary syphilis; No- 
guchi in 89.8 per cent.; Vedder in 86.3 per cent.; and Swift in only 80 
per cent. A test should’ be made on the spinal fluid in all patients 
that have negative blood Wassermann reactions but in whom clinical 
findings point strongly toward the diagnosis of syphilis. 

LuetTIN TEst.—The luetin test is of value as a diagnostic measure 
for tertiary syphilis. The chief objection to the test is the inability to 
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differentiate a certain number of negative reactions from positive reac- 
tions. 

X-ray EXamMINaTIoNs.—The use of the z-ray, in carefully studying 
the bones of the body, is often a great aid in making a diagnosis of 
tertiary syphilis. The pathological changes in the bone, such as osteo- 
sclerosis, osteoporosis and other pathological lesions due to syphilis, are 
readily detected. Many times when the Wassermann test is negative, 
but the symptoms point toward syphilis, examination of the skeleton 
by means of the x-ray leads to a correct diagnosis. 

Therapeutic Test.—At times all the data at our command for the 
diagnosis of syphilis are negative or uncertain and not in accord with 
the clinical findings. After carefully recording the patient’s clinical 
condition, it is justifiable to place the patient on antisyphilitic treat- 
ment, watching him carefully and fully so that any effect produced by 
the treatment will be detected. If improvement takes place, a diagnosis 
of syphilis may be made. 


D. Diagnosis in Latent Syphilis 


The diagnosis of latent syphilis is often made with the greatest 
difficulty. This type of syphilis has no especial characteristics and we 
are forced to rely, to a large extent, upon the history of the patient, 
symptoms, and such physical findings as we may ascertain along with 
the various methods of laboratory diagnosis. 

History.—It is necessary to ascertain from the patient, if possible, 
the previous existence of syphilis in any one of the three stages; also, 
an accurate description of the symptoms; and whether at any time he 
has taken antisyphilitic treatment, the period of treatment, and the 
nature thereof. 

Physical Findings.—Physical examination may reveal little other 
than a characteristic scar, the result of a healing of a syphilitic lesion. 

Pathological Changes.—Pathological changes brought about during 
the tertiary stage may be observed, such as bone changes, visceral changes 
and nervous involvement. 

Laboratory Findings.—The WASSERMANN TEST is of the utmost value 
in latent syphilis. Craig obtained 68.1 per cent. of positive reactions, 
while Noguchi, Vedder and Swift obtained 77.7 per cent., 80.7 per cent. 
and 64 per cent. respectively. The test should always be used in con- 
junction with the clinical signs of syphilis when making the diagnosis. 
The Wassermann test on the spinal fluid should not be neglected and 
Lange’s colloidal gold test and the globulin tests may be of great diag- 
nostic value. 

The clinical signs, together with the laboratory findings, must be con- 
sidered as a whole before the diagnosis is made. In case the laboratory 
findings are not in accordance with the clinical findings, the therapeutic 


test may be employed and the response to treatment utilized in clinch- 
ing the diagnosis. 
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DIFFERENTIAL DIAGNOSIS 


Primary Stage.—The affections which are frequently confused or 
associated with syphilitic chancre of the genital organs are: herpes, 
chancroid, ecthyma, scabies, infected ulcers, balanitis, lichen planus, 
epithelioma of the penis. 

Genital Herpes.—Genital herpes is characterized by groups of small 
vesicles on an inflamed base. Each group of vesicles is isolated. The 
vesicles tend to rupture early and then the lesion appears as a super- 
ficial ulcer covered with a reddish or brownish crust. These ulcera- 
tions may become somewhat indurated as a result of irritation and thus 
simulate the induration of the syphilitic chancre, but the induration 
is always much less marked than that of the chancre. The lymphatic 
ganglia may be affected by genital herpes, but the adenitis which accom- 
panies it is less hard and more painful than that accompanying the 
syphilitic chancre. It is always somewhat painful to pressure and 
nearly always limited to a single ganglion. The course of the two 
affections is entirely different. The herpetic ulcerations heal readily 
in a few days, especially when located in a region which is not moist, 
or when secondary infection is prevented. Genital herpes is essentially 
a recurring affection, frequently accompanied with local burning. This 
recurrence is of value in the diagnosis, but does not exclude a syphilitic 
infection, since herpetic lesions may become secondarily infected with 
syphilis. 

Chancroid.—The chancroid differs from syphilitic chancre in its ir- 
regular outline, its rugged surface, by the suppuration, or by the yel- 
low exudate covering the lesions. Above all, it differs in the nature of 
its edges, which are undermined, sharp and are marked by a fine edge 
of yellow color, composed of necrotic tissue. This contrasts with the 
syphilitic chancre, which is without a real border. The base of the 
chancroid, which is sometimes indurated, is never as extensively in- 
durated as the chancre. The chancroid is usually multiple, due to the 
fact that it is readily auto-inoculable. The condition of the lymphatic 
glands is variable. The adenopathy may be very extensive and the 
glands may suppurate, or there may be practically no glandular in- 
volvement. In the lesser degrees of involvement, the glands are painful 
only upon palpation or motion. In the more extensive involvements, 
with peri-adenitis, the glands become matted together into a tender 
mass adherent to the skin, which is inflamed. The glands are not pain- 
ful; there is no periglandular exudate; and the skin is always movable 
over the mass. Examination of the exudate from the chancroid will 
reveal the presence of the bacillus of Ducrey. Another characteristic 
of the chancroid is its period of incubation. It appears within one, 
two or three days following coitus. Should the lesion appear less 
than five or six days after coitus, it is quite likely to be a chancroid. 
However, syphilitic infection may occur in the same lesion and we 
.fthould make a practice of examining all genital sords that are at all 
questionable for Treponema pallidum. 
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Ecthyma.—Ecthyma of the genital organs is rare. The prepuce of 
the penis is the site most frequently attacked... A thick, grayish or 
brownish adherent crust covers the regularly rounded, distinctly ex- 
cavated ulcer. The characteristic point is the existence of considerable 
suppuration under the scab. The base is not indurated, as in syphilitic 
chancre. Inguinal adenopathy of the inflammatory type is frequently 
present. Ecthyma of other parts of the body—especially the lower ex- 
tremities—is usually present and helps to make the diagnosis. 

Scabies—The lesions of scabies, which have a marked predilection 
for the genital organs of man, most frequently produce small papules, 
covered with a gray crust, almost always surmounted with a ferrule, 
generally elongated, prominent and non-ulcerated. These lesions can 
be confused with chancre, but the presence of itching and scratch marks, 
together with the presence of lesions between the fingers, under the 
breasts, around the waist, and the absence of all lesions from the face 
and in the mouth make a diagnosis relatively easy. 

Common Excoriations of the Genital Organs.—Common excoriations 
of the genital organs may become infected, due to lack of hygiene, and 
produce an inflammatory infiltration which simulates the indurated 
chancre. The outline is irregular and the edges are prominent, differen- 
tiating it from syphilitic chancre. Induration, however, may occur, but 
when wet compresses are applied for two or three days and irritation 
is avoided, all signs of inflammation disappear, showing that it is non- 
syphilitic. 

Epithelioma of the Pems.—This condition is rare and occurs only 
in men of higher age. The lesion is irregular in outline and has a 
hard elevated border and base; often a bloody secretion is observed 
on the base. The woody hardness of the epithelioma is much harder 
than the infiltration of a chancre. The slow mode of onset and the 
progressive enlargement of the lesion over a period of weeks instead 
of days—as in the chancre—are characteristic features. The ulcera- 
tion is deeper, the edges harder and the adenopathy, if present, is 
smaller and limited to the regional glands. 

Balamtis—(a) Erosive, Gangrenous Balamitis.—Erosive, gangren- 
ous balanitis is a superficial ulcerative lesion, characterized by multiple, 
irregular and, at first, superficial erosions without induration in base or 
margins, rapidly producing extensive gangrene, even to complete loss of 
the penis. 

(b) Simple Balanitis.—Simple balanitis presents an entirely different 
picture. It is characterized by diffuse map-like, very superficial ulcera- 
tions, surrounded by a markedly inflammatory skin and mucous mem- 
brane. There is complete absence of all infiltration. Adenitis is rare, 
but, if present, is moderate in size and inflammatory in type. 

Inchen Planus.—This condition is mistaken for syphilis occasionally, 
because the flat umbilicated five-sided cutaneous papules, characteris- 
tic of the disease, commonly occur on the glans penis. However, there 
is no similarity at all between these lesions and a syphilitic chancre.. 

Secondary Stage.—There are a number of affections which must be 
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differentiatcd from the lesions of secondary syphilis, such as scarlet fever, 

measles, pityriasis rosea, seborrheic dermatitis, tinea versicolor, ring- 

hades of the glabrous skin, and eruptions following the use of certain 
rugs. 

Scarlet Fever—The eruption in scarlet fever frequently affects the 
region about the clavicles and rapidly spreads over the entire trunk, and 
a diffuse eruption also involves the extremities. It appears as a deep, 
cuticular flush which, however, differs in appearance from the involved 
skin of the roseolar eruption in syphilis. A raspberry tongue is also 
quite characteristic of scarlet fever. The onset of the disease is decid- 
edly acute and is frequently ushered in with severe vomiting and a tem- 
perature, which rapidly mounts from 102° to 105° F.. (38.9° to 40.6° C.) 

Measles—The fact that measles occurs more frequently in children 
than in adults is of diagnostic value, as is also the nature of the onset, 
which consists of general symptoms, such as fever, nausea, catarrh, 
bronchitis and running at the eyes. The eruption is distinctly eruptive 
in nature, much more so than the syphilitic eruption. The site of the 
eruption is important. Measles attacks the face quite extensively, 
whereas in syphilis it is the sides of the chest, flanks and scapular region 
which are most frequently involved. The finding of the bluish Koplik’s 
spots on the mucosa of the cheeks is a diagnostic point in favor of 
measies. 

Pityriasis Rosea.—Pityriasis is quite frequently confused with the 
lesions of syphilis. The reason for this is because the character of 
the rash in pityriasis is not generally recognized; not because of the 
great similarity which exists between the two conditions. There are 
two conditions which, if borne in mind, will usually obviate any diffi- 
culty in differentiating the eruptions. These are (1) the appearance 
of medallion-like lesions, of which the larger are two or three centi- 
meters wide and the smaller 8 to 10 millimeters; and (2) the scaling. 
The medallia have a small elevated border, which is reddish and appears 
as a branny scale. The center of the medallion is the color of chamois, 
and it presents a slight folding parallel to the lines of cleavage and 
scales, and with a tendency toward central clearing as the border ad- 
vances. The long axis of the lesions is at right angles to the vertical 
axis of the body; there is no lymphatic enlargement, as occurs with 
the syphilitic rash. 

Seborrheic Dermatitis —This is characterized by much itching, par- 
ticularly when the patient is perspiring. It has a light appearance 
and affects, chiefly, the scalp and face. The scales are heavy, yellowish 
in color, and thick and heavy. 

Tinea Versicolor—Tinea versicolor, as a rule, presents no great dif- 
ficulty of diagnosis, when the characteristic fawn-colored spots occur. 
However, the lesions at times are reddish in color, but even then they 
have the characteristic scale which is readily removed and, upon exami- 
nation, shows the fungus. 

Ringworm.—Ringworm of the skin presents circular lesions. They 
are few in number, are elevated, and the inflamed border is frequently 
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covered by small pustules. The lesions are larger than those of syphilis. 
They scale and usually itch. Microscopical examination shows the 
characteristic fungus. 

Eruptions Following Use of Certain Drugs.—Lesions of the skin 
which resemble syphilis may be produced by the use of certain drugs, 
such as copaiba and antipyrin. The presence of the itching, along 
with a consideration of their location, and their disappearance upon 
the discontinuance of the drug are usually sufficient to establish a diag- 
nosis. 

PapuLtaR LESIONS oF SECONDARY STAGE.—Pgoriasis, acne vulgaris, 
lichen planus, impetigo contagiosa and eczema may be confused with 
the papular lesions of secondary syphilis. 

Psoriasis —The papules of psoriasis commonly are present on the 
extensor surface of the knees and elbows, over the sacrum and on the 
scalp. The psoriases-form syphilids are usually lenticular, destructive, 
and have a predilection for the palms and soles. The scales of psoriasis 
are abundant, thick, imbricated and silvery white, while the scales in 
syphilis are small, gray, and frequently form a circle about the lesion. 
The syphilitic lesions are more indurated and bleed more readily when 
the scales are removed. 

Acne Vulgaris.—Acne vulgaris must frequently be differentiated 
from acneform syphilids. Acne vulgaris occurs most commonly over 
the shoulders, the upper part of the chest and the forehead; while 
syphilids are scattered quite diffusely. Acne vulgaris is a purely 
chronic. condition, and lesions of all ages are present; papules, pustules, 
comedones and even cicatrization may be present, while the syphilid is 
usually of one form only. Moreover, the lesions in acne vulgaris are 
decidedly hard, indurated and inflamed. 

Inchen Planus.—This condition may be confused with the lichenoid 
type of syphilid. It usually occurs, however, on the flexor surface 
of the forearm, the wrist, and upon the inner aspect of the thighs, 
while the lichen syphilid is most frequently found on the back. The 
syphilitic lesions are more indurated and usually there is no itching. 
The lesions are circular in outline; they are acuminate and closely 
grouped. Lichen planus is characterized by papular lesions, which are 
polygonal in shape, have a flat surface, are umbilicated and of a violet 
hue. 

Impetigo Contagiosa.—Impetigo contagiosa simulates the type of 
syphilid which 1s crusted. The lesions in impetigo contagiosa are round, 
yellow and present a crust, which appears to be glued to the skin and 
which has a porous appearance. When the crust is removed, the skin 
is noticed to be moist and reddish in color, without induration. The 
finding of Pediculi capites helps in making the diagnosis, since Pedicult 
capites and impetigo contagiosa are so frequently associated. The syph- 
ilitic lesions have a tendency toward coalescence, with the formation of 
plaques, which is seldom the case in impetigo contagiosa. Upon the 
removal of the crust of the syphilitic lesion, an indurated papule is 
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observed. This is of decided importance in making the diagnosis of 
syphilis. 

Dry Eczema of the Palm.—Dry eczema of the palm and palmar 
syphilids are frequently differentiated only with great difficulty. Eczema 
most frequently affects the palms of both hands, while syphilitic lesions 
usually involve only one palm. The palmar syphilid shows well-marked 
induration and has a well-marked, slightly elevated, circumscribed bor- 
der—all of which are less marked or absent in palmar eczema. Eczema 
has a tendency to affect the dorsum of the hand, while syphilitic affec- 
tions do not tend to spread, and usually affect only part of the palm. 
Vesicopustular lesions of eczema are very much inflamed, irregular and 
erusted. They develop in a few days, while syphilids require a few 
weeks to develop, are regular, not inflamed, but moderately indurated. 

NON-ULCERATED TUBERCULAR SyYPHILIDS.—Lupus Vulgaris—Lupus 
vulgaris must be distinguished from the non-ulcerated tubercular syph- 
ilids. It usually begins very early in childhood and its progress is rela- 
tively slow. The lupus vulgaris nodules usually manifest little or no 
elevation. Examination with the diascope usually reveals the apple-jelly 
nodules characteristic of lupus vulgaris. 

Acne Necrotica.—Acne necrotica usually affects the forehead, chiefly 
along the hair line, but other portions of the scalp are affected as well; 
also the sternum and scapule. The affection begins as a vesicopustule. 
The lesions are hard, inflammatory, irregular and less indurated than 
the syphilids. 

Tertiary Stage.—Benign Tumors.—Some of the benign tumors, such 
as lipoma fibroma and sebaceous cysts, may be confused with gumma dur- 
ing the process of development. These lesions are chronic and their de- 
velopment is quite different from that of the gamma, when they break 
down and suppurate. They do not possess the characteristic gummatous 
appearance. 

Sporotrichosis.—The lesions in sporotrichosis develop rather rapidly 
and are quite numerous. They do not attack the lower extremities as 
frequently as the gummata. When they break down a small lesion re- 
sults, the borders of which are irregular, undermined and violaceous. 
The core is not present. Auto-intoxication is frequent; pain, fever and 
enlargement of the lymphatic glands occur, but the ulcer usually heals 
rapidly after excision. 

Tubercular Abscesses.—These frequently occur in the region of the 
neck and are usually secondary to bone involvement. They develop 
slowly and possess no core. The borders are irregular, the edges under- 
mined and the ulcers appear of a dark red-violet hue. 

Carcinomatous Ulcer.—Carcinoma is characterized by early glandular 
involvement, with adherence to the skin—quite different from the 
gumma, which does not cause glandular involvement and becomes ad- 
herent to the skin rather late. The edges of the carcinomatous ulcer 
are izregular and decidedly hard. The ulcer bleeds easily and there 
is a fetid, necrotic discharge. 

Varicose Ulcer.—Varicose ulcer presents, not infrequently, consider- 
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able difficulty in differentiating it from the gummatous ulcer. It usu- 
ally occurs on the lower half of the leg, whereas syphilitic ulcer occurs 
on the upper half. It is usually single and more irregular than the 
gumma; several gummata may occur at one time. The base of the 
varicose uleer may be reddish, yellow, gray or even violet; it may be 
covered with a purulent secretion. The borders of the varicose lesions 
are thick, elevated, the sides slope, and it does not present the punched- 
out appearance of a gummatous lesion. Varicose ulcers may be sur- 
rounded by an edematous, pigmented zone, which may involve the 
greater part of the limb. There is practically no crust in the varicose 
ulcer, while that of the syphilitic gummata is thick, stratified, dark 
brown and very adherent. Varicose veins are present in the leg above 
the varicose ulcer. 


CLINICAL VARIETIES 


Syphilis made be of various types. It may run a mild course, or it 
may be of a very malignant nature. It is impossible to definitely 
classify the various cases of syphilis, but the following outline will be 
found to include practically all cases. 

(1) Mild Early Syphilis—This type of syphilis is most likely to be 
observed in strong, healthy, young individuals whose habits are good 
and who pay special attention to hygienic conditions. The syphilitic 
who notices his chancre early, consults his physician for advice and 
treatment and then carefully observes the advice relative to rest, ex- 
ercise and abstinence from excesses, and who receives the proper kind of 
treatment is very likely to run a mild course. 

(2) Malignant Early Syphilis——Patients with a much lowered re- 
sistance and who pay little attention to personal hygiene and habits 
are most likely to suffer with severe type of syphilis when infection 
occurs. This is especially true if the infecting organism is of a virulent 
type. The patient may neglect treatment, or the treatment may be 
inadequate; he may run a fever and lose weight rapidly. Malignant 
secondary syphilis is very frequently followed by a severe ocular trouble 
and also by paralysis. 

(3) Persistent Syphilis—The syphilitic infection usually persists 
for some time, in spite of antisyphilitic treatment; but in the majority 
of cases such syphilis runs a fairly mild course. The patient responds 
to the treatment gradually, but not readily. This is especially true, 
when some intercurrent disease is present, or where the patient’s toler- 
ance for the treatment is not sufficiently high. He may be ill for a 
considerable time, but usually if his living conditions are carefully 
attended to and a better or more persistent treatment administered he 
gradually recovers. 

(4) Relapsing Syphilis.—Cases which are poorly or not at all treated 
are most prone to relapse. However, syphilis may recur, even with 
proper treatment. Frequently, the patient takes sufficient treatment, 
becomes apparently free of syphilis and then discontinues treatment. 
The relapse of syphilis in such cases is quite likely. Moreover, he may 
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become more or less careless in his mode of living, indulge in excesses, 
and lower his resistance to such an extent that the body is unable to 
cope with the disease and destroy the Treponema pallidum. 

(5) Late Malignant Syphilis.— Occasionally, the syphilitic infection 
may run a comparatively mild course for some time and then be fol- 
lowed by such conditions as tabes or by gummatous invasion of the 
bone. 

(6) Mild Late Syphilis—When a relapse occurs during late syph- 
ilis, it is relatively mild, in the majority of cases. Such relapse usually 
manifests itself as local lesions which readily respond to treatment. 
It is in this type of case that we observe the chancre redux, or the 
relapse may manifest itself as a lesion on the tongue or by the develop- 
ment of a periosteal node. 


TREATMENT 
Prophylaxis 


General Prophylaxis.—Because it obliterates preputial folds and 
pockets, circumcision will protect the individual from syphilitic infec- 
tion to a greater or less extent; consequently, circumcision is of decided 
value as regards the prophylaxis of syphilis and chancroid. The main- 
tenance of extraordinarily good physical health at all times has some 
slight preventive value, but not as much as such a physical state has in 
many other diseases. 

The chief and best means for the prevention of syphilis is the use 
of local agents that are destructive to the life of the Treponema pal- 
lidum; namely, soap solutions, mercurial and arsenical preparations— 
particularly calomel in lanolin. 

Calomel, 33 per cent. in lanolin, as a syphilitic prophylactic, was 
brought out by Metchnikoff and proved by him to be of great benefit 
in the prevention of syphilis. This is one of the most brilliant pieces 
of research work with which the author is familiar. Metchnikoff shows 
the protective value of calomel in lanolin to be absolute up to 1814 hours 
after inoculation; from this hour on, the results are uncertain. 

Major Reasoner has shown that weak solutions of soap are very 
deadly to the Treponemata pallida, This is very interesting to the writer, 
as for many years he has been teaching a method of protecting the doc- 
tor’s fingers from syphilitic infection while making rectal or vaginal 
examinations, by the use of soap, to fill the space beneath the nail and the 
nail fold, thus covering the examining finger with a thin layer of soap. 
The use of soap was advised because it was easily obtained and made a 
covering—a mechanical protection, as it were—which was easily re- 
moved by cold water when the examination was completed. At that 
time, the author had no idea that soap was such an active spirocheticid. 
The Treponemata pallida, when mixed with a solution of soap that is so 
weak that it will not solidify, are practically instantly killed and 
their bodies disintegrated. Major Reasoner’s experiments prove that 
Treponemata pallida placed alive in a solution of soap of a considerable 
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degree of dilution, such as a lather used in shaving, immediately die 
when brought into contact with it. Consequently, one of the very best 
protective measures against syphilis is a thorough lathering of the ex- 
posed part with soapsuds, leaving the soap in place for from five to 
ten minutes before removing it. 

Physicians and Nurses.—Physicians and nurses, when handling 
known syphilitic lesions, should protect themselves by avoiding contact 
with secretions that are likely to contain Treponemata pallida. If they 
must touch lesions known to contain Treponemata pallida, their hands 
should be protected by rubber gloves, by calomel salve, mercurial salve 
or soap. Nurses should be taught that any ulcerative or condylomatous 
lesions about the mouth and genitals, of whose character they are not 
certain, should be treated, as far as their personal prophylaxis is con- 
cerned, as if they were syphilitic lesions. 

Individual Prophylaxis.—The patient should be told that he must 
not kiss any one and that he must abstain from all personal contact 
of any sort, until such time as his physician declares him to be non- 
infectious. He should have his own personal dishes and silverware; 
or, better, his dishes and silverware should be boiled for five minutes 
after each meal. To determine the infectiousness of a patient, we 
should examine him carefully for lesions, particularly around the lips 
and mouth and around the genitalia. If his Wassermann is negative, 
and we find no lesions whatsoever on his lips, tongue or inside of the 
mouth, we may feel reasonably certain he will not convey the disease 
to any one by mouth contact. 


General Management 


General Hygiene.—The diagnosis of syphilis should be made beyond 
the question of doubt. After the diagnosis of syphilis, the patient 
should have a complete physical examination. 

Particular attention should be paid to the condition of the teeth and 
gums; the examination should be exhaustive as to the presence or ab- 
sence of deposits of calculus on the teeth and the presence of pyor- 
rhea. The mouth and tongue should be thoroughly examined for any 
lesions, due to the presence of old roots of carious teeth and irritated 
areas caused by defective dental work, such as bridges, crowns, etc. Any 
defects discovered should be corrected; if not at once, as soon as the 
greatest danger of infection has passed. The mouth should be put in 
first-class condition, as the remedies used in the treatment of syphilis, 
as well as the toxins of the disease itself, are irritant and destructive 
to the gums and peridental tissues. Consequently, any previously ex- 
isting but slight disease of these structures is markedly aggravated 
when these tissues have the added irritants of syphilis toxin and mer- 
cury to combat. 

The mucous membrane of the mouth has to withstand the assaults 
of the disease, and if we use mercury in the treatment of the disease, 
it is subjected to further irritation from the mercury. For this reason, 
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before the patient is treated, his teeth should be cleaned and attended 
to by a dentist. If this is not considered feasible before treatment, it 
should be done after the first or second novarsenobenzol injection has 
been administered and the lesions of the mouth have been healed, con- 
sequently diminishing greatly the risk of infection to the dentist’s fin- 
gers. The patient should be given weak solution of a scented, perfumed 
soap, to use upon his teeth, or a weak solution of chlorate of potas- 
sium—about one-half teaspoonful in a glass of water. 

The tonsils and fauces should be observed and the presence or ab- 
sence of lesions in the erypts of the tonsils determined. If there is 
any retained material, this material should be expressed as soon as 
feasible. 

The urine should be subjected to a routine examination for sugar, 
albumin and casts before any treatment is begun, so that we may 
modify and adapt the treatment to the individual in such a manner 
as is best suited to conserve the function of any organs previously dis- 
eased. The blood-pressure should be taken and the condition of the 
eyes and nervous system determined by a short routine examination. 
As a general rule, all remediable conditions should be remedied before 
we start on the routine treatment of a syphilitic individual. 

As a matter of practice, when we have an individual in the florid 
stage of syphilis, highly infectious, many times it is better practice, 
both for the individual and for those concerned in correcting the 
defects, to postpone the correction of these conditions until we have 
by treatment decreased the contagion. This is particularly true in re- 
gard to lesions of the mouth, gums and throat. If pvorrhea or salivary 
calculus 1s present, no one would care to work upon the mouth of such 
an individual in the florid stage of syphilis. A few arsenical treat- 
ments will heal up the lesions sufficiently to allow the necessary dental 
work to be done before it is necessary to administer much mercury to 
the patient. 

We should remember particularly that it is necessary, above all, to 
consider the individual and not only the one disease. The individual 
may have intercurrent diseases while he is being treated for syphilis 
and he may have other diseases present at the time that the diagnosis 
of his syphilis is made; and these diseases should receive appropriate 
attention. If a syphilitic treatment should tend to aggravate these 
complicating diseases, one of the other methods of treatment of syphilis 
should be employed. During the course of a routine treatment for 
syphilis, the general health of the individual should be maintained at 
or above normal; he should not be poisoned with the treatment, but, 
on the other hand, we should give him sufficient treatment so the disease 
will not bring down his general] health. 

‘In striking a balance between the toxemia of the disease and that 
of the treatment, one should use his best clinical judgment. The test 
as to the correctness of the course pursued is the improvement of 
the general condition of the patient. If he feels stronger and has a 
general feeling of good health, we know then that our course is correct, 
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and it should be continued. If this condition of good health does not 
prevail, something is radically wrong with the treatment; the treatment 
is either too vigorous or it may be insufficient. 

If the treatment has been insufficient the symptoms, such as anemia, 
general grippy feeling, headache and depression, will still be present 
or only partially relieved; the objective syphilitic lesions will be not at 
all or only slightly affected. If we have the other extreme and have 
given the patient too much treatment, the patient’s clinical condition 
will be the same as before, while the syphilitic lesions will have been 
much benefited, or completely healed, but still the patient’s general 
condition does not improve; he loses weight, he is thin, tired, com- 
plains of loss of appetite and in many ways his general physical con- 
dition is unsatisfactory. Under these circumstances, we should decrease 
or completely suspend treatment for a time. 

Tobacco.—Hygiene in the treatment of syphilis is extremely im- 
portant. Tobacco has a markedly deleterious effect upon the lesions 
of the mouth, and tends to aggravate mucous patches, if present, and 
develop them if they are not present. However, the effect of tobacco 
on the general course and symptoms of the disease other than in the 
mouth is not of much importance unless indulged in to the point of 
marked intoxication. 

Alcohol.—Alcohol has no direct local effect on any of the syphilitic 
lesions, but an individual who is a chronic drinker—never drunk but 
more or less saturated with alcohol most of the time—is sure to be 
a bad risk and his syphilis is certain to run a much more severe course 
than one who is a total abstainer; hence, our rule as to alcohol is to 
allow the moderate drinker—who drinks only with his meals—his 
appetizer, his beer or his wine, but to forbid any drinking at other 
times. 

The syphilitic individual should undergo a course of physical train- 
ing, consisting of regular exercise, moderate diet, regular hours, regu- 
lar rest and a minimum of work. This régime should put him in the 
finest physical condition and should be persisted in for at least the 
first six months of his treatment; better still, throughout the entire 
course. 

Diet.—The diet of the patient with syphilis should be abundant and 
simple. He should take no acids and no acid fruits or vegetables, 
such as oranges, lemons, grapefruit, tomatoes, rhubarb, strawberries 
or any other fruits containing a small amount of acid. This prohibition 
of acid is absolute when the patient is taking mereury in any form, 
or in any manner, but during the mercury rest period, or while he is 
taking arsenic only, he may have such of these acid fruits as he desires. 

While he is taking mercury he should avoid any foods that have 
a tendency to irritate the bowel or to cause diarrhea, as the bowel—and 
particularly the caput coli—is easily irritated by the mercury; and 
any lesions in the bowel, due to improper or irritating foods, will be 
aggravated by the mercurial medication. 
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Local Treatment 


There is a tendency to neglect local treatment of syphilitic lesions, 
because the constitutional treatment of them is so effective, but syph- 
ilitie ulcerative lesions will heal much more readily if proper local treat- 
ment is applied than if we depend entirely upon the constitutional 
treatment. 

For the chancre, we apply mercury locally, either in the form of 
a salve (unguentum hydrargyri); or a solution of mercury bichlorid, 
1: 1000; or lotio nigra (calomel grains 4 [0.25 gram]; lime water 1 
ounce [30 cc.]). Salvarsan or Neosalvarsan can be applied locally, 
either in the form of a powder or in a 10 to 15 per cent. solution in 
glycerin. The local lesions on the lips, cheeks and tongue should be 
treated in the same manner, applying the mercury solution, the salvarsan 
solution, or using the old, well-tried cautery stick of nitrate of silver. 

In the primary or early secondary stage of syphilis, the chancre is 
the only lesion present that contains any amount of fibrous exudate. 
This exudate protects the Treponema pallidum from the destructive ac- 
tion of antisyphilitic remedies; consequently, if we remove the chancre 
surgically or destroy it completely by local use of destructive methods, 
as nitric acid, hot cautery iron, fulguration or the infiltration of the 
chancre with bichlorid solution, we tend to prevent relapses from re- 
infection, as all the infiltrated tissues of the chancre with its contained 
Treponemata pallida are destroyed. This destruction or removal of the 
chancre has no effect whatsoever upon the immediate course and progress 
of the disease. 

In the tertiary stage of syphilis, where there is considerable destruc- 
tion of tissue, the necrotic tissue should be removed mechanically with 
the knife, scissors and tissue forceps. All crusts, scabs and dried secre- 
tions should be removed at the time of the inception of constitutional 
treatment and their re-formation prevented as much as possible by 
means of frequent change of dressings and the use of local washes. 
If this is not done, the local healing will be much delayed. 


Hydrotherapy 


The idea that the waters of certain springs exert a true specific effect 
upon syphilitic lesions is no longer maintained; but the usefulness of 
such waters as adjuvants to the treatment of syphilis 1s well recognized 
by every one. Their effects are produced by the combined action of 
several factors: When they are taking these waters, patients are away 
from home and are giving their time, thought and attention to the treat- 
ment of the disease; there is medical surveillance, and the general hy- 
giene as to diet, exercise and rest is of the best. Some of these waters 
are slightly radio-active and these minute amounts of radium act as 
stimuli to the cellular metabolism. The sulphur waters and particu- 
larly those that contain, in addition, sodium chlorid, are reputed to 
enable the patient to tolerate much larger doses of the specific medica- 


tion than he would otherwise be able to take. 
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This increased tolerance to mercury is probably due also to the fact 
that the patient while sojourning at any of these springs drinks, by 
the clock, a certain specific amount of water at certain definite times, 
and in this way his total intake of fluid for twenty-four hours 1s much 
increased, thus diluting whatever toxins are present in the body and 
enabling the inunctories to eliminate a much larger amount of the mer- 
curial salts. Rarely can a patient, while attending to his ordinary busi- 
ness, tolerate rubs of more than a dram of mercurial ointment once 
daily. When he is under hydrotherapeutic treatment, consisting of warm 
baths and massage daily, and doing no work, and resting practically 
throughout the entire day, he can tolerate from two to three drams 
daily as an inunction. 

The sum total of the hydrotherapeutic measures, the rest and the 
regularity of food and régime, show that they are undoubtedly extraordi- 
nary aids to mercurial or arsenical treatment of syphilis; and when 
these conditions obtain, syphilitic lesions heal much more rapidly than 
without them. 


Constitutional Treatment 


The drugs necessary for combating syphilitic infection are few in 
number: mercury, iodid, arsenic, tonics. 

The preparations of these drugs and the methods of applying them 
to the particular case at hand, are extremely numerous and varied. We 
have learned by an extended clinical use of these drugs that certain 
drugs, and further, certain preparations of these drugs, are very potent 
in treating some syphilitic lesions, while other lesions are extraordi- 
narily resistant to these preparations but yield readily to the same rem- 
edy in a slightly different form or administered by a different route. 

In using remedies to combat syphilis, it should be borne in mind 
that whatever drugs are used should be pushed to the physiological 
limit. The drugs should be given in as large doses as the patient can 
tolerate without interfering with his general health, and maintained 
at this point for months. Throughout the entire time of administration 
of any drug to the patient, the patient should be regularly and care- 
fully observed, so that one can immediately note any signs of breakdown 
in his general physical condition, such as gingivitis, loss of weight or 
appetite, or stomach or bowel trouble. If any of these symptoms occur, 
the drugs should be stopped at once or the daily dose gradually reduced 
and appropriate measures taken to combat the complication immediately. 

Mercury.—Mercury, the old therapeutic standby, which for many 
years has been the chief remedy with which we combated syphilis, may 
be administered in many ways: 


(1) Mouth: Ingestion 
Inhalation 
(2) Endermic: Salve 
Pads 
Fumigation 
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(3) Intramuscular: Insoluble 
Soluble preparations 
(4) Intravenous 
(5) Rectal: Suppository 
Salve 


(1) Mercury sy MoutH.—Mercury by mouth may be administered 
in the form of a solution, pills, capsule, powder, or mixed with iodid. 

(a) Solution.—Mercurial solution by mouth is usually administered 
in the form of a simple watery solution, or these solutions may be fla- 
vored by using any of the pharmacopeial syrups as vehicles. The bichlorid 
is the most suitable mercury salt for use in solution because of its uni- 
versal availability and its solubility, although any of the other soluble 
salts of mercury may be used. The bichlorid is given in doses of grains 
1/30 to 1/15 (.002 to .004 gram), three to four times daily, well diluted 
in water, or better, in milk. There is sufficient albumin in milk to change 
the bichlorid into the non-irritating albuminate of mercury, or we can 
prescribe the albuminate of mercury directly by using a small amount 
of egg albumen or blood-serum in the prescription with the bichlorid. 
Bichlorid is frequently given in combination with potassium iodid in 
the form of a solution. This is the so-called mixed treatment. An 
effective and palatable combination is as follows: 


Hydrargyri chloridi corrosivi........... grains i (0.06 gram) 
Kalii (Natii) iodidi..................6. drams 111 (12 grams) 
Syr. sarsaparille comp............ q.s. ad ounces iv (120 ec.) 


Sig.: 1 teaspoonful four times daily. 


(6) Pills—Pills for a long time were the basis of the mercury treat- 
ment of syphilis. Treatment with pills of mercury is the simplest form 
of treatment for the patient to carry out. For a patient who is traveling, 
pill treatment has a definite place, as an amount sufficient for a long 
period can be easily carried; he can take his pills unbeknown to any 
one. Pill treatment, however, is the least efficient form of administering 
mereury, and consequently mercury pills should be used only in the 
following situations: First, when a patient is traveling, or the circum- 
stances are such that he can receive no other form of treatment; sec- 
ond, to fill in the interval between arsenical or other forms of mercurial 
treatments for short periods of time. 

The following are a few of the better preparations of mercury for 
use in pills: 

The most commonly used salt of mercury for pills is the protoiodid, 
which is given in doses of 14 to 34 of a grain (.008 to .048 gram), three 
to five times daily. In the larger doses it frequently gives rise to abdom- 
inal pains, griping or diarrhea. To counteract these, a small amount of 
opium, about 1/10 of a grain (.006 gram), is placed in each pill. 

One plan is to give the patient two boxes of pills, one containing 
opium and one without opium; the one with opium to be taken when 
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the colic and diarrhea appear and the others to be taken at other times; 
or, we can give the patient the plain protoiodid pill and control the 
diarrhea and colic with paregoric. 

Gastro-intestinal irritability, as manifested by abdominal pains, 
looseness of the bowels, diarrhea and, later, bloody stools, is rather com- 
mon from the use of mercury pills. These symptoms should be com- 
bated in a prophylactic way by giving powdered opium in sufficient 
amount with the mereury to check them. 

(c) Capsules—The plain mercury with chalk powder can be mixed 
with a sufficient amount of sugar of milk, licorice roots or extract of 
gentian in the following capsule form: 


Hydrargyri cum creta.............. grain i (0.065 gram) 
Gentianwe extract] ............0006; grains iv (0.26 gram) 


M. Ft. capule No. I. Sig.: One four times daily. 


The use of mercury with chalk powder has a decided advantage 
over manufactured pills and capsules, in that the mercury is certain to 
be absorbed. Pills, particularly if they are old, frequently harden so 
that they pass through the intestines entire. 

(d) Mercury Mized with Iodids—Mixed treatment, namely, pills 
containing mercury and potassium or sodium iodid, can be used, but 
their usefulness is rather limited. 

Mercury by inhalation and fumigation has been used, but these meth- 
ods are not satisfactory except in institutions where the patients can 
be under complete and frequent observation, owing to the uncertainty 
as to the amount of mercury actually absorbed by the patient. 

(2) ADMINISTERING MERCURY ENDERMICALLY, RUBBINGS OR SMEAR 
Cure.—Mercurial rubbings have been used for a long time in the treat- 
ment of syphilis. The preparation ordinarily used is the common mer- 
curial ointment or blue ointment, of the United States Pharmacopeia, 
although preparations using metallic mercury and cacao butter are a 
trifle more cleanly. Preparations of calomel, prepared in a cacao butter 
base, are having an extended use, even though their therapeutic activity 
is less. They have the advantage, however, of being white and therefore 
very clean preparations. This is smeared upon the skin, an area of the 
skin as free from hair as possible being selected; definite hairy areas, 
such as the axille and pubes, should be avoided. 

(a) Preparation of the Skin for Inunction—The skin should be 
washed with warm water and soap immediately preceding the applica- 
tion of the salve. It should be thoroughly dried, then the salve ap- 
plied and rubbed gently but firmly for from 10 to 20 minutes. The 
excess should not be wiped off, but should be left in place and allowed 
to soak into the undershirt. If it is necessary to remove the excess, we 
should use a larger amount of salve, smear it over a larger area of skin 
and rub longer, so as to compensate for the absorption that occurs from 
the impregnated undershirt. 
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The average dose of mercurial ointment, when used as an inunction 
for treating syphilis, is 1 dram, once daily. This, of course, should be 
increased or diminished if we have an unusually large or unusually 
small individual as a patient. If we have the patient at rest in an in- 
stitution or a watering place, undergoing daily hot baths, we can give 
him much larger doses of the salve—up to 2 or even 3 drams daily. 

The use of mercurial salve as an inunction is dirty and inconvenient 
in ordinary private practice, but this treatment has the great offset to 
its uncleanliness in the fact that its therapeutic value is very high. 

(b) Techmic.—A definite area of skin should be inuncted each night, 
according to the following schedule: 


First Night: Inner surface of left arm. 

Second Night: Inner surface of right arm. 
Third Night: Adductor surface of left thigh. 
Fourth Night: Adductor surface of right thigh. 
Fifth Night: Lower left abdomen. 

Sixth Night: Lower right abdomen. 


The seventh night a bath should be taken and all the old salve cleaned 
off, and then treatment is begun again, using the same areas as before. 
Occasionally, the mercurial salve is irritating to the skin and a simple 
erythema or a pustular perifollicular rash may develop. If either of 
these skin lesions occurs, no more salve should be used upon the irri- 
tated areas until they are thoroughly well. If they recur upon subse- 
quent application of the salve, the patient should not be subjected to 
further inunctions but we should change to some of the other methods 
of administering the drug. Treatment with rubbings should be con- 
tinued in courses of from 20 to 40 days’ duration, with a rest of from 
2 to 4 weeks after each course. 

(c) Admimstration of Mercury by Pads of Cloth—The adminis- 
tration of mercury by the use of pads of cloth impregnated with metallic 
mercury and worn on the chest has had some vogue, and in certain 
types of cases it is a method of considerable value. It has the advantage 
of cleanliness and secrecy; the disadvantage of inaccuracy of dosage 
and consequent uncertainty as to its therapeutic effect. The pad is worn 
on the chest or back; the heat of the individual’s body vaporizes the 
mereury and thus it is absorbed through the skin and by inhalation. 
Another method of using the mercury salve has been to place it on the 
feet, put on a stocking, and as the individual walks about as usual, 
every step of course rubs in some of the ointment. 

In carrying out a course of rubbings, it is best to have the patient 
wear a light cotton undershirt next to the skin. This shirt will grad- 
ually become impregnated with the excess of the salve, but it should 
not be changed oftener than once a week, as some of the excess of the 
salve is absorbed when the shirt is continuously worn. This shirt also 
protects the outer clothing from being soiled. 

When inunction treatments are given to a patient by a nurse or 
attendant, rubber gloves should be worn or the rubbing done with a glass 
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pestle in such a manner that the hands of the attendant do not come 
in contact with the salve. If the bare hand is used the attendant may 
absorb as much mercury as the patient. 

(3) INTRAMUSCULAR INJECTIONS OF MERCURY.—There are two types 
of mercurial preparations that are used for intramuscular injections: 
one is an insoluble salt, and the other a soluble salt. The frequency 
of injections, their local and systemic effects and the general course 
of treatment differ markedly from each other. 

(a) Injection of Insoluble Preparations.—Insoluble preparations are 
given once weekly and have the advantage of introducing into the mus- 
cular tissues a relatively large quantity of mercury, which acts as a 
depot and is gradually but continuously absorbed into the blood and 
plasma, for a period of about a week, when the ordinary dose is ad- 
ministered. If the patient’s absorption is poor, the dose may last longer, 
and if the absorption is relatively rapid it will last a much shorter 
period of time. If the injection is very irritating to the tissues, a fibrous 
wall may form about the mass of mercury; and because of this exudate 
relatively little absorption of the mercury will take place. All of these 
factors should be carefully considered and are very important in regard 
to each individual’s treatment. 

Dangers of Insoluble Injections——The inconvenience and dangers of 
insoluble preparations can be summed up as follows: The patient may 
not absorb all of the mercury injected before the second injection is 
made; he may still be absorbing mercury from the first and second treat- 
ments when the third is administered; and in this way, absorbing mer- 
eury from multiple injections, and consequently getting more of the 
drug than he can tolerate, he becomes intoxicated—quite a serious con- 
dition, because the only way we can stop the absorption of mercury 
into his system is by a surgical removal of each of the injected areas. 

Next, if these insoluble salts are injected into a vein, there is danger 
of embolism occurring. The pain produced by these injections is very 
variable; some of the patients complain bitterly of it, while others 
tolerate the injections very well. As a rule, it is rare to administer 
injections without having some of them cause considerable pain and 
marked infiltration. These infiltrations remain for a very long period 
of time as nodules, which may or may not be sensitive. 

Specific Insoluble Preparations ——The most commonly used insoluble 
preparations are gray oil and the salicylate of mercury. The gray oil is 
40 per cent. metallic mercury, rubbed up with lanolin. Strange as it 
may seem, the lanolin should not be resterilized, as it is sterile when 
taken fresh from the can in which it was purchased. The mixing of 
the lanolin and mercury should be done in sterile dishes and aseptic 
precautions observed; and the final product should be protected from 
bacterial contamination. If the lanolin is sterilized, some change takes 
place in it that renders it much more irritating to the tissues. 

Dose-——The preparation is best used by filling a syringe, holding 
one cubic centimeter, with a graduated checked piston. The dose ordi- 
narily given is from 1 to 4 turns of the thread of the piston, and 
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represents 1 grain (0.065 gram) of mercury. The dose should be 
repeated once weekly to once in 10 days with from 10 to 20 injections 
in a series. The salicylate of mercury, best dissolved in goose oil, is 
also extensively used in doses of 1% to 1% grains (0.03-0.10 gram). 
The general technic of injection and the frequency of administration is 
the same with the salicylate as with the gray oil. 

Calomel is therapeutically the most active of the insoluble prepara- 
tions of mercury, but unfortunately it is also the most irritating and 
painful. It is best prepared by washing the powder in alcohol and 
then mixing it with sweet almond oil, using a 5 to 10 per cent. mixture. 
This mixture should be vigorously shaken before being drawn into the 
syringe and the injection should be given at once before the calomel 
has an opportunity of settling out. The dose is from 5 to 10 ecenti- 
grams (34 to 114 grains) of calomel at each injection, repeated once 
every 7 to 10 days. 

Technic for Insoluble Preparations.—Intramuscular injections should 
be given, using needles sufficiently long to penetrate the subcutaneous 
fat and enter the muscular mass. The usual length is from 4 to 5 em. 
As fine a needle as possible should be used, and after the needle is 
inserted one should wait a moment or two to see if blood comes out 
through the needle. If blood flows from the needle, it shows that the 
point of the needle is in a blood-vessel and the injection should not 
be made, for fear of embolism. If no blood flows, the syringe may be 
attached and the injection made. 

Before the needle is withdrawn, a slight lateral or wiping motion 
should be made to try and wipe the salve from the end of the needle. 
This manipulation prevents the salve from being distributed along the 
tract of the needle as it is withdrawn. As soon as the needle is with- 
drawn, pressure should be made at the site of the puncture, and ro- 
tating, gentle massage movements carried out for a moment or two. 
Failure to carry out this step in technic probably accounts for many 
of the nodosities produced, and for some of the pain, in that the prepara- 
tion, instead of being deposited in the muscle, is deposited in the fat 
underneath the skin. 

The region best suited for injections of mercury, both soluble and 
insoluble, is the buttock; any portion of the buttock is suitable. It is 
best, however, to locate the sites of injection above or below the portion 
of the buttock subjected to pressure when sitting. These injections can 
be given into the muscles of the back, but it is not as practicable here as 
in the buttock. Insoluble injections should never be given in the arm. 

The advantages of the intramuscular injection of the insoluble salts 
of mercury are: (1) great therapeutic efficiency ; and (2) relative infre- 
quency of administration. The disadvantages of this treatment are 
pain; but the greatest disadvantage is the development of multiple 
nodules, more or less painful, in the buttock. 

(b) Injection of Soluble Preparations.—Specific Soluble Prepara- 
tions.—The number of soluble preparations that have been used is very 
large, but the three most extensively used are the orycyanid, the bichlorid 
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and the benzoate. In a general way, the therapeutic activity of each 
of these preparations is practically the same. 

Soluble versus Insoluble Preparations.—There is considerable discus- 
sion as to the superiority of soluble over insoluble preparations. They 
are, without doubt, inferior in therapeutic activity to insoluble mercurial 
salts, administered intravenously. The greatest handicap to the use 
of the soluble salts is the necessity for giving them often—daily, every 
other day, or, at least, twice weekly; they have the advantage, how- 
ever, of having no cumulative action. Each injection is not so painful 
as an injection of insoluble preparations, but more injections are re- 
quired. The benzoate is the least painful of any of the soluble salts. 

Dose.—The following prescriptions are useful, to be used for intra- 
muscular injection: 


Benzoate of mercury ............. 6 grams (grains 92.6) 
AIG. cous tees eae aan meade 75 gram (grains 11.5) 
Sterilized distilled water .......... 100 e.ce. 


This solution is injected in amounts of 1 ¢.c. every second day. 

The bichlorid in 1 per cent. solution in sterile water is a very useful 
preparation when one wishes to inject a soluble salt, but it is quite 
painful. 

Technic for Soluble Preparations——In injecting soluble mercurial 
salts intramuscularly, the technic should be the same as when injecting 
insoluble salts, care being taken not to inject into or near a nerve, and 
care being taken that the salts are really injected into the muscular 
substance. Unless the patient has ready access to his physician, the 
soluble salts are not suitable for use in his particular case. 

(4) INTRAVENOUS ADMINISTRATION OF MERcURY.—The Intravenous ad- 
ministration of the soluble salts of mercury was first introduced by 
Baccelli. Intravenous injections of mercury were used in the pre- 
arsenic days, chiefly for cases of malignant syphilis and to control lesions 
that were involving or threatening to involve very important structures, 
as under these circumstances it is extremely important to check the 
disease at the earliest possible moment to prevent the destruction of 
important organs. 

Specific Preparations.—The preparations used are solutions of cyanid 
and bichlorid. The writer prefers bichlorid solution, made in such a way 
that 5 e@.c. of the solution in plain water contains 1/20 grain (0.003 
gram) of mereury bichlorid, to be given every day, every other day, or 
at least twice weekly. Bichlorid of mercury solutions produce coagu- 
lation and precipitation of the albumins of the blood, but the thick, 
curdy albuminate of mercury formed in the syringe when the blood 
and the solution meet is immediately dissolved by the mass of serum 
in the blood-stream when injected into the general circulation. The 
cyanid of mereury, however, does not precipitate the albumin of the 
blood, and, consequently, is a little easier, technically, to inject; but 
in the writer’s experience with it there has been more irritative phlebitis 
when using it than when using a bichlorid solution. 
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Advantages of Intravenous Injections—-The advantages of intrave- 
nous injections are: (a) complete absence of pain and (b) ease of admin- 
istration. When a doctor is properly equipped to administer them, these 
treatments can be given very rapidly and easily. The absorption and 
elimination of the drug is rapid and certain, the mercury appear- 
ing in the urine at the end of one hour, and its maximum at the end of 
3 to 6 hours. There is no chance of cumulative effects and we can 
administer these injections at as short or long an interval as we may 
elect. We avoid all gastric irritability, but intestinal irritability— 
particularly in the cecum and small bowel—may be quite severe if we 
slightly overdose the patient; however, this irritation is soon relieved 
by simply stopping the treatments for a day or so. 

The therapeutic effect of the intravenous injections is extremely 
rapid and satisfactory and enormously superior to that of all the other 
methods of mercurialization. It can only be compared to the effect of 
calomel intramuscularly on tertiary lesions. However, the therapeutic 
effect of intravenous mercury is not quite as rapid as the effect of 
salvarsan. The chief and only drawback to intravenous injection of 
mercury is the technical ability of the doctor; if the injections are 
not truly intravenous we will have swelling and infiltration in the arm, 
accompanied by very severe pain. 

Dose.—In giving the cyanid in 1 per cent. solution, the ordinary 
dose is 1 e.c. It is prudent, however, to commence with an injection 
of only 1% «e., if there is any doubt as to the patient’s tolerance of 
the drug. This should be repeated every day or second day for from 
twelve to fifteen days; then suspended for from a few days to a week; 
and then another course carried out. When one wishes to give intensive 
treatment to a patient who is tolerant, one may give him 1 centigram 
(1/6 of a grain) one day; 2 centigrams (1; of a grain) the next day; 
1 centigram the third day; and 2 centigrams the fourth day. Thus, 
the dose can be regulated very accurately to the patient’s tolerance of 
the drug and the therapeutic necessities of the case, increasing or dimin- 
ishing as the need varies. 

Technic for Intravenous Administration of Mercury.—The technic 
of the intravenous injections of mercury is extremely important and 
attention must be paid to every detail. First, the syringe. An all- 
glass syringe of from 5 to 10 ¢c.c. capacity should be used, armed with 
a fine No. 23 needle, very sharp, and with as short a bevel as possible. 
The patient should either stand facing the operator, or le on a table, 
the arm being uncovered up to the middle of the biceps and the fore- 
arm held in the left hand of the operator. A constrictor is placed around 
the arm, in the lower third, with just sufficient pressure to produce 
venous stasis, but not sufficient to stop the arterial flow. The constric- 
tor consists of a piece of pure rubber tubing, which is pulled out away 
from the arm, then clamped with a strong clamp. The elasticity of 
the rubber draws the clamp down to the skin of the arm. In this way 
the skin of the arm is prevented from being caught in the grasp of the 
forceps. If the veins do not sweli up immediately, one should feel 
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for the patient’s pulse; if the pulse is gone, it is an indication that 
the constrictor is applied too tightly. If the pulse is present, the patient 
should be asked to open and close the hand vigorously several times. 
When the veins have become distended, the operator should then select 
a suitable vein. If the veins are not prominent, the forearm and bend 
of the elbow should be palpated and the vein selected which feels the 
largest. 

The operator then takes the syringe, which is filled with the mer- 
eury solution, and, armed with the needle in the right hand, makes 
the skin over the vein tense with the thumb of his left hand and notes 
carefully the exact direction of the vein. The needle is held in such 
a position that it follows exactly the course of the vein and almost 
parallels the skin surface of the arm. The needle, with the opening 
upward, is next inserted through the skin. The syringe is raised a 
trifle, forcing the needle downward through the wall of the vein. As 
soon as the needle pierces the wall of'the vein, there is a sensation of 
lessened resistance, and blood appears in the syringe. This sensation is 
peculiar and can only be appreciated by feeling it. 

If the needle is large and in the lumen of the vein, the blood im- 
mediately begins to flow back through the needle and into the syringe. 
If the needle is very fine (as it should be), one must allow a few sec- 
onds to elapse or even pull on the plunger a trifle before the blood 
appears. As the plunger of the syringe is withdrawn, there should be 
a very free flow of blood into the syringe, if the point of the needle 
is in the center of the lumen of the vein. If the flow of blood is not 
free and rapid, something is wrong: either the point of the needle is 
only partly in the lumen of the vein, or the needle has partly traversed 
the wall of the vein, or it has pierced a vein valve. Blood is then as- 
pirated into the syringe, and by raising and lowering the patient’s arm, 
this blood is thoroughly mixed with the mercury solution. 

While these manipulations are being carried out, great care should 
be taken that the relations between the vein, the needle and the arm 
are maintained, so that the needle will not pierce the wall of the vein 
and allow the injection to infiltrate the tissues. When the blood comes 
in contact with the mercury solution, there 1s an immediate curd-like 
precipitate formed. This curdy mass can be injected and need cause 
no concern, as this albuminate of mercury is dissolved quickly in the 
excess of serum in the general circulation. The constrictor is then re- 
moved and the operator presses the plunger of the syringe, and so slowly 
injects the solution. If the technic has been proper, the fluid will flow 
steadily and easily. If a slip in technic occurs, or if one is in doubt if 
a slip has occurred, one should stop immediately, withdraw the needle 
and commence anew on the other arm. When the injection has been 
completed, the needle may be quickly withdrawn and the point of the 
puncture immediately pressed with a sterile piece of cotton or gauze, 
making particular pressure upon the vein just distal to the point of 
puncture. This should be accompanied by elevation of the patient’s arm. 

The points to remember in intravenous injections of mercury are: 
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First, is the needle in the vein? Second, has the needle, during any 
of the manipulations, slipped out of the lumen of the vein? If there 
is any doubt, the injection should be immediately stopped and the needle 
withdrawn. The points to watch particularly are pain, local tumor 
and abnormal resistance to the progress of the plunger; if any of these 
accidents occur, stop injecting at once and withdraw the needle. 

As soon as the injection has been completed, the syringe and needle 
should be washed and water forced through the needle, sufficient to 
wash all blood out of its lumen. Unless these precautions are observed, 
the needle will be clogged with coagulated albumin when it is boiled 
for the next injection. 

Really obese persons are not so hard to inject as the type of case 
that has lost some weight, or as elderly persons whose veins are unduly 
movable under the skin. In most people, there is a vein on the external 
aspect of the forearm that is relatively small, but markedly fixed in its 
position in the tissues; it can be readily located by palpation, and 
because of its immobility it is relatively easy to puncture. Another 
situation where the injection can be made is in the veins on the back 
of the hand; and particularly in obese persons are the veins on the 
anterior aspect of the wrist plainly visible and suitable for intravenous 
injection. Occasionally it may be necessary to give injections into the 
veins of the lower extremity. These should not be used unless absolutely 
necessary, as their wall is thicker, they are harder to puncture, and 
there is more danger of subsequent hemorrhage in the tissues when 
the patient arises and walks. 

Dangers of Intravenous Injections—The only accident of any im- 
portance in giving intravenous injections of mercury is the penetration 
of the fluid into the wall of the vein or into the tissues surrounding 
the vein. The danger of intraparietal injection is much increased by 
the use of a needle with a long point; there may be no sense of pain 
immediately and no marked local tumor, but usually when the patient 
returns the following day he will be found to have a sensitive, infil- 
trated chord immediately following the course of the vein. The injec- 
tion of the mercury solutions outside of the vein gives rise to immediate 
pain and immediate local tumor. If either of these occurs, the injection 
should be stopped at once. Unless a relatively large amount of blood 
is aspirated into the syringe and mixed with the mercurial solution, 
chemical phlebitis may develop from the irritating action of the solu- 
tion upon the vein lining itself. It is to obviate this accident that we 
aspirate the blood into the syringe and thoroughly mix it with the 
solution, thus changing the mercurial preparation to the non-caustic 
albuminate of mercury. 

The only operative accident of importance is the failure to intro- 
duce all of the solution into the lumen of the vein. For some reason 
or other, the fluid is injected into the cellular tissue around the vein. 
This accident is much more likely to happen when needles with a long 
bevel are used. It frequently occurs that the point of the needle is in 
the lumen of the vein, and blood will be aspirated into the syringe when 


896 SYPHILIS 


suction is applied; but the blood flow is not as free as it should be, 
since only part of the lumen of the needle is in the lumen of the vein ; 
consequently, when one attempts to inject fluid, part of it goes into 
the vein lumen and part into the cellular tissue around the vein. 

Injection into the cellular tissues about the vein can also occur when 
the needle is introduced at too great an angle to the axis of the vein 
and so pierces the deep wall of the vein. This occurrence is observed 
only if one keeps a sharp watch on the tissues at the point of injection 
and notes a small, deep tumefaction, and also if the patient simultane- 
ously complains of pain. 

As soon as one observes that the fluid has been injected outside of 
the vein, injection should be stopped at once and one should imme- 
diately try to aspirate as much of the injected fluid as possible. If 
the syringe is too full of the mercury solution to permit one to aspirate 
well, the syringe should be taken off and an empty syringe connected 
to the needle. In this way, with strong aspiration and gentle manipu- 
lation of the needle, one may be able to aspirate most of the irritating 
fluid. 

In addition to aspiration, the part should be kept at rest and hot 
wet compresses applied, renewing them frequently. This accident in 
the hands of a careful operator, as a rule, is not serious—simply a little 
pain and a little irritation, with the development of a slight nodule 
at the site of the injection in a day or two; but if one is not familiar 
with the fact that perivenous injection of salvarsan solution and mer- 
eury solution will produce pain and that a normal intravenous injec- 
tion is painless, one may continue injecting after the patient complains 
of pain. Under these circumstances the reaction may be very severe, 
involving the entire arm and ultimately producing more or less destruc- 
tion of tissue and sloughing at the site of the injection. If any quan- 
tity of the solution is injected outside of the vein, the patient will have 
a swollen, red and exquisitely aching arm for from 2 to 6 weeks. This 
arm should be put at rest and hot applications applied to it as long 
as the swelling and the pain are present. Morphin is frequently neces- 
sary to relieve the pain. 

After intravenous injections, there is frequently observed some sub- 
cutaneous ecchymosis. This very minor accident can be prevented by 
applying pressure with a small pledget of cotton or gauze to the point 
of puncture, immediately after the withdrawal of the needle, at the 
same time ¢Jevating the arm. The pressure of this pledget should bear 
upon the vein at the point of puncture and slightly distal to it. 

Occasionally, in nervous and hypersensitive individuals, the prick 
of the needle causes them pain, which continues for several minutes. 
If there is any unusual complaint of pain, from the prick of the needle, 
it 1s wise to wait until this pain has disappeared so as not to confuse 
it with pain due to fluid injected outside of the vein. 

Another complication following intravenous injections of mercury is 
a chemical phlebitis. This only occurs if the mercury solutions are in- 
jected very rapidly, without withdrawing and mixing a few cubic cen- 
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timeters of blood with the mercury solution. The plain bichlorid solu- 
tion is very irritant, but the albuminate solution formed by allowing the 
blood to combine with the bichlorid solution in the syringe is absolutely 
non-irritating locally. 

Theoretically, intravenous injections should occasionally cause em- 
boli. The writer has never had such a case and has been unable to find 
any such case described in the literature. 

Afier-treatment of Intravenous Injections of Mercury—Mercury in- 
jected into the veins is very rapidly absorbed—much more rapidly than 
with any other method of administration. This fact is one of the great 
advantages of the method; it is also the basis of the possibility of pro- 
ducing complications, namely, mercurial colitis or enteritis. This comes 
on several hours (rarely less than one hour) after the injection, begin- 
ning with sharp pains in the center of the abdomen, with a more or 
less abundant diarrhea which may become serous and ultimately bloody. 
These symptoms last one, two or three days and sometimes, because 
of bloody stools, may produce a moderate anemia. Treatment consists 
of applying heat to the abdomen in the form of hot-water bottles, or a 
heating pad, and the giving of sufficient opium to check the peristalsis 
and relieve the pain. The diet should be very bland. 

This complication can be prevented by giving only small doses of 
mercury intravenously to any patient who complains of intestinal symp- 
toms, to weak, anemic patients, or to any one giving a history of un- 
usual susceptibility to mercurials. Likewise, no patient should be given 
a first or any subsequent injection of mercury who has recently eaten 
any acid in the form of fruits or vinegar. A patient with albuminuria 
should be treated very carefully by intravenous injections and, if these 
are employed, they should be given in very small doses, frequently 
repeated. 

While every patient should have his mouth and teeth examined and, 
as a matter of routine, should clean his teeth regularly, it occasionally 
happens that a gingivitis develops or a stomatitis, either with or with- 
out some salivation. If any one of these conditions develops, one of 
two things should be done: either the dose of the mercurials should 
be decreased, or, better, the mercurial injections should be stopped and 
the salvarsan preparations given in small doses (say .15 to .3 gram, every 
second to third day) until the gingivitis or stomatitis—whichever it 
may be—has healed. Then, when one starts in to give mercurials again, 
they should be given in smaller doses and the patient should, be watched 
earefully for the first sign of any complication. Should the complica- 
tion develop, treatment should be stopped at once; none developing, it 
should be continued, and ultimately a normal dose may again be ad- 
ministered. 

(5) ADMINISTRATION OF Mercury BY RectumM.—(a) Suppositories.— 
Administration of mercury in the form of suppositories was first brought 
out by Audery, of Toulouse. This form of mercurial treatment was first 
given to cases in which mercury by mouth or by the skin caused compli- 
cations that necessitated cessation of the treatment. Rectal adminis- 
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tration of mercury is well tolerated by most patients locally, and there 
is a marked systemic and therapeutic effect from the mercury absorbed 
in this manner. Rarely is there irritation in the rectum, practically 
never any irritation in the stomach, and rarely trouble in the bowel. 
The indications for its use are the same as those for the use of mer- 
cury by any other method; it can be used as a substitute for mercury 
by mouth, by intramuscular or intravenous injections. It is given in 
a suppository containing 14 gram (7.716 grains) of metallic mercury, 
with a sufficient quantity of cacao-butter; these suppositories are given 
in doses of 1 or 2 daily, and are the therapeutic equivalent of rubbing 
or intravenous injection of mercury. The effect of the suppositories 
is particularly rapid and certain, especially as regards lesions around 
the anus, scrotum and in the throat. In urgent cases, this method is 
applicable and certain to mercurialize patients rapidly. As a rule, there 
is no local irritation of the rectum by the suppositories, but at times 
and after prolonged use they may cause some irritation of the rectal 
mucosa. If irritation is produced, suppositories should be discontinued 
and the mercury administered by some other route. 

(b) Inunctions—Mereury when used in the form of a salve and 
smeared or rubbed upon the skin is absorbed by volatilization and 
inhalation through the lung, or by direct absorption through the skin. 
The non-volatile salts are absorbed directly through the skin or mucous 
membrane, but their absorption is far slower than that of the volatile 
salts. The best preparation for an inunetion treatment of syphilis 
is the old standard mercurial ointment of the United States Pharmaco- 
peia. The cleaner ointments, made with calomel, absorb much slower 
than the regular mercurial ointment, but they are absorbed sufficiently 
so that they are useful when placed in the rectum. 

No absolute preference should be given to any one of the methods of 
administering mercury, since there is no one remedy which suits every 
ease. The choice of mercurial medication should be based on elinical in- 
dications relative to the peculierities of the patient and the quality of 
the disease, rather than upon the therapeutic consideration. The best 
method is that tolerated by the patient and which has an active influence 
on the symptoms. 

The rules adopted by Fournier and his followers are as follows: 

The treatment is continued in a regular manner for 4 years, until 
neither syphilis nor any of its clinical lesions is manifest. Mercury 
represents the fundamental antisyphilitic. It is administered from 6 
to 8 months the first year, 6 months during the second and third years 
and 4 months during the last year. During the course of treatment 
in the third and fourth year, potassium iodid is frequently used with 
it. About 1905, Fournier concluded that this treatment was not suffi- 
ciently long to prevent the appearance of general paralyses and of 
tabes, and he advised giving, after two years of rest, two more years of 
treatment—the seventh and eighth year. 

PHYSIOLOGICAL ACTION OF MeRcuRY.—That mercury acts directly on 
the Treponema pallidum is quite probable, for the results obtained by 
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using this drug as an antisyphilitie remedy are quite uniform, even 
when the symptoms vary considerably. Mercury is quite rapidly ab- 
sorbed ; the rate of absorption varying with the method used and the 
nature of the mercury salt, whether soluble or insoluble. The former 
is more readily absorbed. When mercury is injected in the form of 
bichlorid, it makes its appearance in the blood very early. Wilms was 
able to detect it in the blood taken from the ear of a rabbit 15 minutes 
after it was injected. 

Any of the body tissues are capable of cieeubiie mercury, but mucous 
tissue or denuded surfaces absorb it most readily. After it is absorbed, 
the mercury circulates about in the body as a compound of mercury, 
the albuminate and sodium chlorid. It is generally distributed through- 
out the body, but it is especially stored up in the liver. Therapeutically, 
it has little direct action on any of the tissue, but improvement in the 
blood and nutritional state seem to follow its use in repeated small 
doses. 

Mercury is excreted by the salivary glands, stomach, kidneys, skin, 
colon and rectum. It appears in the urine in 3 to 24 hours after in- 
jection and in the feces after 24 hours. After a subcutaneous injection 
more of the mercury is excreted in the sweat than in the urine. In the 
intestinal tract, the greater part of the mercury passes through the walls 
of the colon and the upper rectum and may cause irritation or even 
colitis. In the nursing mother, some of the mercury is eliminated in the 
milk. 

The degree of tolerance for mercury varies with the individual and 
depends upon the rate of absorption and the ability of the body tissues 
to excrete it in amounts sufficient to prevent intoxication. This toler- 
ance is just short of the toxic dose and there are symptoms which more 
or less indicate when the limit of tolerance has been reached and the 
patient has become mercurialized. The patient feels ill, has headaches, 
lassitude, muscular weakness and diarrhea, or occasionally he is con- 
stipated. Irritation of the gums is an early symptom and manifests 
itself by an increasing redness, swelling and a tenderness to pressure 
such as is produced when the jaws are forcibly brought together. Slight 
hemorrhages result from the least trauma. These symptoms are accom- 
panied by an increase in the consistency and flow of the saliva. The 
breath has a characteristic fetor and the patient is conscious of a pe- 
culiar metallic taste in the mouth. 

Mercury INTOXICATION.—Once mercurial treatment has reached the 
point of the limit of tolerance, the stage of intoxication follows very 
rapidly, unless care is exercised and the amount of mercury adminis- 
tered is decreased, or treatment is discontinued for a time. The toxemia 
produced by mercury affects all the tissues of the body, but a few of 
them are especially affected. Mercury has a special destructive action 
on the epithelium of the convoluted tubules of the kidneys and often 
produces tubular nephritis. In case of an acute poisoning, this may be 
a violent exudative nephritis, while in a subacute or chronic case the 
nephritis is more likely to be diffuse and lead to destructive changes 
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in the glomeruli, with an increase in the connective tissue. Anuria 
may occur; albumin, casts and red corpuscles are frequently found in 
the urine. 

THe mouth may be severely injured by mercury intoxication. The 
gums may become involved to the point of ulceration, the teeth may 
become loose, and even necrosis of parts of the mouth and jaws may 
result unless the mouth is given prompt and careful attention. Severe 
affections of the gastro-intestinal tract may occur as a result of the 
toxemia, such as severe gastritis or colitis. 

Treatment of Mercurial Intoxication—The success in the treatment 
of mercurial intoxication depends, first, upon the time that has elapsed 
between the intoxication and treatment; and, second, upon the nature 
of the treatment. In case the intoxication occurred by injection of a 
lethal dose of a mercury salt, egg albumen should be rapidly admin- 
istered. This forms the insoluble albuminate, which should then be re- 
moved from the stomach by gastric lavage, and more egg albumen should 
be given. Fantus and Hyatt showed that the use of milk as an anti- 
dote was of no more value than the use of water, since it was the 
diluent action of each alone which was of value. 

Various chemicals have been advocated as antidotes and have met 
with more or less favorable results. A mixture of sodium phosphite (10 
parts), and of sodium acetate (6.6 parts), known as Carter’s Solution, 
has produced fairly good results in treating mercury poisoning. Fantus 
and Hyatt showed that the use of sodium hypophosphite and hydrogen 
peroxid had a decided antidotal value when administered 5 minutes 
after the poisoning occurred. The hydrogen peroxid probably acts as 
a catalytic agent and hastens the action of the sodium hypophosphite. 
This solution, however, seems to be inferior to Carter’s Solution in some 
ways. 

Wilms has done considerable research on the treatment of mercury 
intoxication and concludes that the use of calcium sulphid is certainly 
of value in the treatment of rabbits poisoned with bichlorid of mercury. 
He found the use of calcium sulphid effective even when given 534 
hours after the poison had been administered to rabbits. The prepara- 
tion used by Wilms is an aqueous solution of calcium sulphid in a 
strength of 1 grain of the salt to 1 ounce of distilled water. The 
solution is prepared by dissolving the calcium sulphid in boiling water 
and filtering it while hot. 

In advanced cases of poisoning with bichlorid of mercury, the in- 
travenous method of administering the calcium sulphid is the most 
effective method, being sure to use 1 grain of calcium sulphid to each 
grain of mercury taken. In case the intravenous method is not prac- 
ticable, the antidote may be administered by mouth. It should then 
be given until all the symptoms of intoxication have disappeared. Dr. 
Ireton records a case of recovery where the calcium sulphid was ad- 
ministered to the patient 12 hours after the ingestion of the poison. 
This appears to be the simplest, most certain and quickest method of 
combating mercurial intoxication. 
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Only freshly prepared calcium sulphid should be used, since a de- 
teriorated solution leads to severe convulsions, due to the action of the 
calcium on the spinal cord; besides, the fatal poison, hydrogen as a 
may form in a deteriorated solution. 

Arsenic.—Arsenic has been employed for a long time in the treat- 
ment of syphilis; probably first as Donovan’s Solution in 1839, but in 
this early period it was used as an adjuvant to potassium iodid and 
to mercury. Most men considered it simply as an-energizer of the 
mercury and iodid, and not as having any particular value in itself. 
It was prescribed particularly in cases showing a marked anemia. Next, 
arsenic was used as a principal antisyphilitic remedy in the form of 
atoxyl. This drug has a very short clinical life because of the serious 
complications produced by it upon the optic nerves. In 1909, two ar- 
senical preparations were brought out, one by Mounyrat in France, 
which was marketed under the name of Hectine and had a chemical 
name of ‘‘benzo-sulphone-para-aminophenylarsenate of soda.’’ It was 
also used in combination with mercury in a preparation known as Hec- 
targyre. The second preparation, and the one that proved by far the 
better, was the dichlorhydrate of dioxydiamido-arsenobenzol, and known 
under the trade name of Salvarsan, or the common name of ‘‘606.’’ It 
is also known under the chemical name of arsenobenzol. 

ARSENOBENZOL (Salvarsan).—Arsenobenzol is a yellow powder, im- 
palpable to the touch and with an astringent acid taste, giving. aff an 
odor somewhat resembling onions or garlic. It is unstable, and is read- 
ily oxidized to a brownish-blackish powder on contact with the air. It 
is marketed in sealed glass ampules, from which the oxygen is excluded. 
When dissolved in water, the salvarsan forms a clear yellow, slightly 
acid solution. This acid solution must be neutralized before the drug 
is suitable for clinical use. After neutralization, the drug can be ad- 
ministered either intramuscularly or intravenously, but preferably in- 
travenously. 

NOVARSENOBENZOL.—Arsenobenzol has been to a large extent dis- 
placed by a preparation known as Novarsenobenzol, or, chemically, 
dioxydiamido-arsenobenzolmonomethylene sulphoxylate of soda,’’ or 
**934.’’ Novarsenobenzol is a yellow powder, which dissolves very rap- 
idly in water at ordinary room temperature, giving a limpid yellow- 
colored solution of neutral reaction and suitable for direct injection into 
the veins. Novarsenobenzol is altered rapidly on contact with the air. 
It is marketed in sealed ampules, from which the oxygen has been ex- 
cluded. It is extremely important that it be mixed fresh for each patient 
and no old solution used. If there is any brownish color to the powder, 
it should be discarded, or if, after the solution is made, it is not of a 
bright yellow color, the solution should not be employed. Another point 
in the use of novarsenobenzol is that it should be dissolved only in 
water, not in salt water, and only in cold water. 

Kind of Water to Use—Many of the accidents that have occurred 
following the use of novarsenobenzol have been attributed to the water 


that was used in making the solutions. The water has been accused of 
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causing severe reactions and severe toxic phenomena from two stand- 
points: the chemical and the microbic impurities. Alkaline waters, or 
waters containing silicates, or lead salts, should not be used. Ordinary 
water that contains none or relatively little of alkaline salts can be 
used, but it is best to use only distilled water—better double distilled 
—and, best of all, distilled the second time on the same day on which 
it is used. 

When arsenobenzol was first introduced by Ehrlich, he advised that 
50 ¢.c. of water be used to each decigram of the drug. Revaut showed 
that this amount was much larger than was necessary, and this fact 
simplified the technic very greatly. He demonstrated that a solution of 
arsenobenzol containing 45 centigrams (6.75 grains) to 10 ce. of water 
was isotonic with the blood-serum, and, consequently, he advised that 
solutions of novarsenobenzol for intravenous use be made in the fol- 
lowing manner: 


pL TAs nett tela lence Seven a aes eas 3.33 ¢.c. water 
0 as 4 086 Oe ee ae ee 6.6 ¢.c. water 
HD DTA iio esickt eee dad oan ies 10.00 ¢.c. water 
GO QPAN so sane tines bh iets eedeees 13.3 @.c. water 
LOCPPAM spn aad ea nee ene toes 16.6 cc. water 
LO “OTA ob vcxe.a-geone CR oleae ees 20.00 ¢.c. water 


Revaut showed, further, that the quantity of water could be still 
further diminished with no particular trouble, and, as a matter of fact, 
with great benefit, as it is less trouble to administer the smaller amount, 
and the likelihood of reaction upon the part of the patient diminishes 
in direct proportion with the amount of water injected. This concen- 
tration may be carried down to the point of dissolving .9 gram in 2 c.c. 
of water. This concentrated solution does not alter the blood, but it 
is very irritating to the tissues, if a drop or two is injected outside of 
the vein. In using these concentrated solutions, they should be in- 
jected very much more slowly than the more dilute ones. If it 1s impos- 
sible to obtain distilled water, an ordinary well water or rain water may 
be used, after boiling it to precipitate the lime salts, letting it stand 
to allow them to settle out, and using the water from the top of the 
vessel obtained by decantation. The use of the concentrated solutions 
has markedly diminished the number and severity of the reactions fol- 
lowing the administration of novarsenobenzol. 

Novarsenobenzol can also be used as an intramuscular injection, but 
it should be used in this manner only in exceptional cases, because the 
pain and nodosities caused by it are frequently rather annoying. Like- 
wise, the therapeutic effect from intramuscular injections is not as 
rapid nor as complete as those following intravenous injections. 

Effect of Novarsenobenzol on Syphilitic Lesions—The action of 
novarsenobenzol on active syphilitic chancres is very rapid. The first 
day following the injection the chancre becomes less red and has a much 
paler appearance; its edges are less hard and less sharply defined. In- 
duration has diminished somewhat and its appearance is more that of 
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a simple ulceration than of a true hard chancre. In from 6 to 12 days 
it is completely healed. Simultaneously with these changes in the 
chancre, the regional lymphatic glands cease to enlarge, become less hard, 
and in a few days they have retrogressed to their normal size. The 
secondary lesions are likewise markedly affected by intravenous in- 
jections of novarsenobenzol. Mucous plaques in the mouth and around 
the anus, vagina or rectum change from progressive spreading lesions 
to retrogressive healing ones over night, and are usually healed in from 
four to six days. The hypertrophied plaques, or condylomata lata, are 
rapidly flattened out, and in from 8 to 12 days they have completely 
lost their papillomatous appearance and have disappeared practically 
completely. The cutaneous lesions likewise disappear rapidly after the 
intravenous injection of novarsenobenzol. 

At first, within a few hours after the injection, these lesions become 
congested, enlarge somewhat, and in cases where there were no cutane- 
ous lesions before, they may appear. This congestive phenomenon of 
the secondary lesions of the skin is known under the name of the Herx- 
heimer reaction. This congestive condition lasts a day or two and then 
the lesions begin to fade out and rapidly disappear, the roseola dis- 
appearing in from 5 to 8 days. The muscular papular syphilid dis- 
appears in from 6 to 10 or 11 days. The small papular syphilids are 
most resistant to the treatment and many times they will not disappear 
in from 2 to 4 weeks. The syphilitic lesions of the late papular and 
gummatous type heal very quickly and cicatrize as fast as the epi- 
thelium can proliferate, and so cover the raw surface. 

The beneficent action of novarsenobenzol upon syphilitic lesions is 
not confined to aiding the cutaneous lesions to cicatrize. Its action upon 
the visceral lesions of syphilis are just as rapid and effective in causing 
their disappearance as it is upon the cutaneous lesions. The syphilitic 
headaches of the secondary stage are practically always very quickly 
relieved by novarsenobenzol. The pains in the bones are likewise rap- 
idly cleared, as are also the severe destructive lesions in the central 
nervous system. Iritis and choroiditis are quickly checked by the use 
of novarsenobenzol. The iris rapidly recovers its motility and resumes 
its normal color within a few days. The general health of the patient 
rapidly improves after the first injection; the syphilitic fever subsides; 
the anemia disappears; the general achiness in the muscles goes away; 
the color returns to the lips and conjunctive; and many patients state 
that they feel better than they have felt for a long time. The appetite 
returns and they eat well. 

In the type of case with severe mouth lesions that have been treated 
unsuccessfully with mercurial preparations, the novarsenobenzol causes 
a rapid healing of the mouth lesions, together with a disappearance of 
the mercurial gingivitis and stopping of the flow of saliva that has been 
produced by the administration of mercury. Occasionally, we find an 
individual who does not tolerate the novarsenobenzol well, but in the 
majority of syphilitic cases of the first and second stage of syphilis, 
the general health of the patient is improved much more rapidly, and 
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the improvement progresses to a point that is never attained by mer- 
curial treatment, patients frequently gaining 5 to 10 pounds, and, once 
in a while, 20 to 24 pounds in weight, following the administration of 
1, 2 or 3 injections of novarsenobenzol. 

Therefore, we see that the influence of novarsenobenzol is peculiarly 
rapid and energetic upon the active manifestations of both early and 
late syphilis. But has it a real curative action? The original idea of 
Erhlich, that with salvarsan one should be able to produce a complete 
sterilization of the body, is known now to be fallacious. Can this sterili- 
zation be obtained by increasing the number of doses or by increasing 
the size of the doses? Opinion on this point is very much divided, some 
thinking that complete radical cures can be obtained and others stating 
that such a result cannot occur. One point, however, is established, and 
that is, if we are going to obtain an immediate sterilization of the syph- 
ilitic by novarsenobenzol, the drug must be administered early during 
the period of the chancre. When the drug is administered later than this, 
the number of cases immediately sterilized or radically cured decreases 
rapidly. 

When we remember that salvarsan, as a therapeutic agent, is only 
9 years old, we must reserve our judgment as to its ultimate effect upon 
syphilis. We know, however, that in the early cases lesions are healed 
and the Wassermann becomes and remains negative for many months, 
up to several years. 

Another argument in favor of salvarsan for the cure of early syph- 
ilis—and one that should be given great weight—is the fact that under 
mercurial treatments it was very rare to find an individual who, having 
once had a definite chancre, would acquire another one. Since the 
advent of salvarsan, these cases of so-called ‘‘double infection’’ have 
become quite common. Consequently, we conclude that the original 
syphilis was cured and that the individual had acquired a new infection. 

It is remarkable that with the treatment of syphilis by arsenobenzol 
in the chancre stage, the characteristic lesions of the secondary stage 
are ordinarily absent, but the tertiary lesions often appear very much 
earlier in a syphilis treated by salvarsan than in one not treated at all, 
or one treated by mercury. It seems that the arsenic retards or cures 
the secondary lesions, but hastens the development of the later mani- 
festations of syphilis. On the other hand, many observers report cases 
treated with several doses of novarsenobenzol in the early period of 
the chancre in which patients have remained free from syphilitic lesions, 
and the Wassermann remained negative for two or three years. There- 
fore, we may conclude that the arsenobenzol will definitely cure syph- 
ilis when it is applied early in the initial period of the disease. Later 
on, the cures are not so definite and are much fewer in number. 

Dose of Novarsenobenzol_—Ehrlich stated that the maximum dose of 
salvarsan should be one centigram per kilogram of body weight, and this 
dose ought never to be surpassed. Therefore, as the toxicity of nov- 
arsenobenzol is at least half again as great as that of salvarsan, the 
maximum dose of novarsenobenzol should be 11% centigrams per kilo- 
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gram of body weight. The majority of syphilographers think that these 
doses are much too large, and especially are they much too large for the 
first injection. All admit that the first injections ought always to be 
smaller than the later ones, and particularly is this true of the early 
cases in the secondary stage, either just before or just after the sec- 
ondary rashes and mouth lesions have appeared. 

The arsenobenzol kills so many of the large number of Treponemata 
pallida in the body at this stage of the disease that the emunctories are 
overwhelmed with the toxic material from the dead Treponemata pallida. 
Therefore, the first dose should be small, beginning with 3/10 gram 
of novarsenobenzol and increasing .15 each injection. Others state 
that we should start at .6 gram and increase .15 with each injection 
up to .9 gram. In the real early chancre stage and in the very late 
secondary and tertiary stages of syphilis, the dosage is not of so much 
importance, as there are at these times relatively few Treponemata 
pallida in exposed positions in these patients’ bodies, and, consequently, 
we have only the toxicity of the drug to consider and not the uncertain 
amount of toxins that are liberated from the dead Treponemata pallida 
by the spirocheticidal action of the drug. 

As a general rule, it is safe to give, as a primary dose, .45 to .6 gram 
to men of this class, and .3 to .49 gram to women. For anemic, nervous, 
emotional, albuminuric and arteriosclerotic individuals, the dose should 
be about .3 gram as an initial dose. If the first arsenobenzol injection 
is followed by a severe reaction, or any complications, we should be 
very cautious in administering the second dose, or, perhaps better, give 
the patient a carefully supervised mercurial course before giving sal- 
varsan again. Many authors counsel that we should give as many as 
10 or 12 doses of .45 to .6 gram salvarsan to a patient; some even advise 
more. In the writer’s experience as much benefit is obtained from 3 or 4 
injections as from a larger number. After the last salvarsan injection 
has been given, treatment may be continued by a mercurial course. 

It is necessary to allow the body time to eliminate the drug and 
the toxins of the Treponemata pallida killed by the drug before giving 
a second dose. If we are using the standard average dose, the interval 
should be at least 5 days; better, 7. If we are using a very small dose, 
it is probably advantageous to give these at intervals of 3 to 4 days, but 
not more than 3 consecutive doses should be given within this short in- 
terval. 

Clinical Course Following Injections of Concentrated Novarseno- 
benzol Solution.—The clinical course of patients who have received treat- 
ments of concentrated solution of novarsenobenzol is generally very 
simple. If regular three- or four-hour temperatures are taken, we will 
frequently find an elevation of temperature, which begins about 8 hours 
after the injection. This temperature 1s much less intense following 
the concentrated injections than following the non-concentrated ones. 
It is more intense after the first injection than after the subsequent 
ones; it is not marked among the patients who have numerous lesions 
containing a large number of Treponemata pallida. The temperature 
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rarely goes to 104° F. (40° C.), ordinarily not going beyond 99.5° to 
100° F. (37.5° to 37.8° C.). The late fever comes on the next day or 
second day following the injection, rarely going beyond 99.5° to 103° F. 
(37.5° to 39.4° C.), and passing away in about 24 hours. The fever is 
due to the toxins from the killed organisms. 

Occasionally, and most frequently after the third injection, we have 
a lowering of the temperature below 98.6° F. (87° C.), coming on several 
hours after the injection and lasting for some hours. The fever in most 
of the patients is not accompanied by any other sign and ordinarily 
passes unobserved unless regular temperatures are taken. In others, it 
is accompanied by headache, by chills, nausea and vomiting. These phe- 
nomena are more frequently after the first injection than after the 
subsequent ones. A serous diarrhea, rarely abundant, but sometimes 
bloody, frequently appears in from 10 to 20 hours after the injection. 
Rarely, we may have a generalized scarlatiniform eruption and very 
rarely an urticarial rash, coming on very soon after the injection. 

Precautions Following Novarsenobenzol Injections—When nov- 
arsenobenzol is used in concentrated solutions, practically the only con- 
dition that develops, subsequent to the injections, is a slight tempera- 
ture, of which the patient is not aware and which passes without his 
knowledge. Any of the technical accidents with mercury described un- 
der Dangers of Intravenous Injections (p. 395) may occur with novar- 
senobenzol, and they should be treated in a similar manner. It is best 
for the patient not to eat for 3 hours immediately preceding the injec- 
tion; after it, only moderately, and he should first return to his normal 
diet on the following day. After the injections he should go to bed, or, 
at least, lie down in his room on a couch for the rest of the day. When 
injections are given in the office, the patient should return to his home as 
soon as possible, and carefully avoid physical exertion wherever possible. 

GRAVE ACCIDENTS FOLLOWING ARSENOBENZOL AND NOVARSENOBENZOL 
TREATMENTS.—The conditions favoring the development of these acci- 
dents are multiple. Their pathogenesis is complex and their interpre- 
tation has caused much discussion. These accidents can be divided into 
two groups: (a@) technical faults; and (0b) true toxie effects. 

(a) Technical Faults——The technical faults are, first, the use of too 
large doses. Second, the use of too large doses in proportion to the 
visceral lesions of the patients. Patients afflicted with serious lesions 
of the heart, liver, kidneys or aorta, should be given smaller doses 
than relatively normal individuals. Third, the use of solutions that 
are old or improperly prepared, as incomplete or non-neutralization of 
the acid salvarsan solution, will produce very severe symptoms, and 
even death. 

(b) True Toric Effects —The es of lesions due to the inherent 
toxicity of the drug itself are, first, acute encephalitis. This appears 
usually after the first or second injection, rarely later, coming on within 
the first three days subsequent to the injection. It is characterized by 
an extremely violent headache, high temperature, congestion of the face, 
delirium, coma, repeated epileptiform convulsions and vomiting, and 
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ends generally in the death of the patient in a relatively few hours. 
Postmortem there is found intense hyperemia, hemorrhage in the brain 
substance and marked acute degenerative changes in the kidneys. This 
is the case in most of the deaths following the injection of arsenobenzol 
or novarsenobenzol. This type of lesions is always found in subjects 
apparently healthy, young, vigorous adults, with no visceral lesions what- 
soever. This accident occurs after the first injection, but most often 
after the second injection. It should be guarded against in individuals 
who show a marked fever, facial congestion and the phenomena de- 
scribed by Milian, under the name of ‘‘nitroid crises’’; also, among 
patients who show a measliform or scarlatiniform rash. Patients show- 
ing these phenomena after the first injection should be given a very 
small dose at the second injection, or the second injection should be 
omitted entirely and a mercurial course substituted. 

(c) The Neurorecidives.—Under the name ‘‘neurorecidives’’ have 
been described isolated paralyses of the cranial nerves. These paraly- 
ses appear some weeks after the salvarsan injection, accompanied with 
intense headche, diffuse or one-sided pains in the neck, in the back or 
on the limbs. They appear, according to the statistics of Benario, in 
about the following percentage: 


Auditory nerve ...........ce eee eeee 44.5 per cent. 
ODUG NCEVE: cos dceGrens Gene te don 30.2 per cent. 
Oculomotor nerve .............-006. 7.4 per cent. 
Facial nerve ..........-ceeeevceoees 7 per cent. 


Involvement of the auditory nerve produces tinnitus and deafness, 
which may be unilateral or bilateral. Deafness is often complete and 
may be accompanied by marked vertigo and, rarely, by vomiting. The 
lesion of the optic nerve produces an optic neuritis, a neuroretinitis, or 
a retinitis with or without much functional disturbance, but blindness 
may result. When the oculomotor or facial nerves are involved, char- 
acteristic paralyses occur. Several of the cranial nerves may be simul- 
taneously involved and produce a clinical syndrome which, because of 
the existence of lesions of the spinal nerves, is very complex. Lumbar 
puncture in these cases shows a marked lymphocytosis of the spinal 
fluid. After a variable time, most of these lesions heal, the most per- 
sistent being the auditory and ocular cases. 

The explanation of these lesions is usually that of a basilar menin- 
gitis. At first, however, they were attributed to the toxic action of 
the arsenic, but these critics forgot the fact that these lesions appeared 
in the syphilitic subject before the syphilis was ever treated with arseno- 
benzol, and they never appear in patients afflicted with other diseases 
and treated by arsenobenzol. 

Revaut has often shown that syphilis frequently produces menin- 
geal lesions which remain latent, except as manifested by changes in 
the character of the spinal fluid. The arsenobenzol affects this latent 
meningitis the same as it affects the cutaneous lesions of syphilis, by 
producing a temporary congestion and swelling. This congestion and 
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swelling, being confined by the bony walls of the skull, compresses these 
nerves to such an extent as to produce a temporary paralysis. These 
neurorecidives rarely occur in patients treated by a preliminary course 
of mercury. 

Icterus is observed, following arsenobenzol injections, and it appears 
under several forms: one, a rapidly developing icterus and which dis- 
appears as rapidly—undoubtedly.a true toxic phenomena. Icterus also 
appears in the clinical form of an acute yellow atrophy of the liver. 
Albuminuria and intestinal irritation occasionally develop, following ar- 
senobenzol injections. They are cured rapidly by stopping the injec- 
tions. 

Acute rashes of the measliform and scarlatumform type are rather 
frequent after the injection of arsenobenzol. They usually come on 
toward the end of the second day and are of considerable importance, 
as they signify severe intoxication and frequently are the forerunners 
of serious trouble. 

Generalized exfoliative dermatitis is caused by arsenobenzol, and 
when it occurs is a contra-indication to any further treatment with 
the drug. 

The pathology of most of these accidents is the same pathology as 
we see expressed upon the skin in the reaction of Herxheimer, and 
these phenomena almost always occur in tissues already invaded by the 
Treponemata pallida. These phenomena are much less frequent follow- 
ing novarsenobenzol injections than following arsenobenzol injections. 
However, on the whole, these accidents are relatively rare and should 
not cause one to discard novarsenobenzol from his therapeutic arma- 
mentarium. 

When Ehrlich first gave salvarsan to the world he announced that 
it was capable of producing complete sterilization. Many thought that 
because of this statement mercury was superseded and had no further 
place in the treatment of syphilis. Before long Ehrlich’s dictum was 
proven to be false and, as our experience with arsenobenzol becomes 
greater and greater, we now know that mercury not only is not super- 
seded by salvarsan, but that it has as important a place to-day in the 
treatment of syphilis as it ever had. Cases treated with salvarsan alone’ 
have a tendency to relapse much more frequently than cases treated 
with mercury alone, or with salvarsan and mercury. 

Association of Mercury and Salvarsan.—Most syphilographers to- 
day advise the treatment of the early chancre and secondary lesions of 
syphilis with salvarsan. After these treatments have been given, the 
ground gained should be held by the methodic, persistent administra- 
tion of mercury in the same manner as it had been used for so many 
years before the discovery of salvarsan. Mercury also has another place 
in the treatment of syphilis with salvarsan ; namely, in early cases, where 
the individual is infected with enormous numbers of Treponemata pal- 
lida. In these cases a preliminary course of mercury destroys most 
of these organisms and therefore renders it safe to administer salvarsan 
subsequent to the mercurial course. In the routine treatment of syph- 
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ilis, mercury can be given simultaneously or alternately with salvarsan, 
always bearing in mind that we are treating a patient who is a human 
being, as well as treating a disease ; in other words, watching the patient’s 
clinical condition closely for the development of toxic symptoms from 
the drugs administered or from the involvement of the viscera—par- 
ticularly the kidney—by the disease. If for any reason his general clin- 
ical condition is not good, we should immediately ascertain if this low- 
ered physical state is due to the disease; if so, the treatment should be 
increased. If his lowered physical state is due to the toxicity of the 
drug, it should immediately be lessened or the treatment stopped. 


Plan of the Treatment of Syphilis 


A. Primary Stage—Having given the different methods of the 
treatment of syphilis, together with their advantages, disadvantages and 
dangers, we will now formulate a definite treatment plan, suitable for 
the average routine case. This plan can be modified to meet any com- 
plication or unusual conditions present in any particular patient. Time 
is the essence of the treatment of syphilis. An early diagnosis is many 
times more valuable to the patient than a late one; consequently, all 
suspicious sores should be examined at once and, if T'reponemata pal- 
lida are found, treatment instituted immediately. Syphilis presenting 
itself in the period of the chancre should be given treatment with the 
briefest possible delay, with injections of novarsenobenzol. 

In the first two weeks of the chancre, it is not necessary to precede 
the novarsenobenzol injections with any mercurial injections; in the 
later weeks of the chancre—and particularly if the patient has much 
adenopathy or is complaining of pains in his bones, joints or muscles— 
it is best to give him two or three inunctions, or two or three intravenous 
injections of mercury. These mercurial treatments should be followed 
by an intravenous injection of .45 to .6 gram novarsenobenzol, for a 
man of ordinary weight. Beginning the second or third day subsequent 
to this injection, he should be given an inunction or an intravenous in- 
jection of mercury each day for 3 days, then 8 days subsequent to his 
first injection of novarsenobenzol he should have a second intravenous 
injection of .6 to .9 gram novarsenobenzol. If the accompanying 
adenopathy has diminished markedly and if the chancre has almost or 
completely healed, it is not absolutely necessary to give any further 
injections of novarsenobenzol, but simply continue with the mercury 
treatment. 

If marked changes in the syphilitic lesions have not taken place, 8 
days after the second novarsenobenzol injection the patient should 
be given a third, there being always administered in the interval be- 
tween the arsenic injections either an inunction of 1 dram of unguentum 
hydrargyri or an intravenous injection of 1/30 to 1/15 grain (0.002 to 
0.004 gram) of mercury bichlorid every day or every second day. It is 
best not to give any mercury treatment the first day following the sal- 
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varsan injection, and frequently it is best to give none until the third 
day following the novarsenobenzol injections, if there has been much 
of a reaction. 

Local treatment of the chancre consists of simply keeping it washed 
with boiled water—thus keeping it free from crusts and scabs—and, if 
desired, applications of mercury ointment once or twice daily. Powders 
should not be applied to the chancre, and cauterization should not be 
employed unless it is done very thoroughly and in such a manner as to 
completely destroy all of the infiltrated tissue. Some syphilographers 
are of the opinion that the removal of the chancre, or its complete de- 
struction by cautery—when it is not so situated that it can be removed 
surgically—is of value to the patient, in that it removes all of the dense 
infiltrated tissues which serve to protect the Treponemata pallida from 
the action of the salvarsan circulating through the blood. 

The Wassermann reaction should now be made, and in the average 
case it should be negative. If, however, the Wassermann is positive, 
another course of 2, 3 or 4 salvarsan injections with intervening injec- 
tions of mercury should be carried out. If the Wassermann reaction is 
negative, the patient should be carried along on the ordinary mercurial 
course, as described on page 413. 

B. Treatment in the Secondary Stage.—In this period, the treat- 
ment is practically identical with the treatment in the period of the 
chancre. The chief difference is that patients in the active secondary 
stage of syphilis with numerous cutaneous and mouth lesions have an 
enormous number of Treponemata pallida in their bodies. If most of 
these are killed at once by an intravenous injection of salvarsan, we 
are liable to have a very severe reaction and even a fatality. Hence, 
syphilitic patients at this stage of the disease should be treated first 
by 2 to 4 inunctions or intravenous injections of mercury before the 
novarsenobenzol is administered. Then, at eight-day intervals, 3 to 4 
injections of novarsenobenzol should be given, beginning at .45 to .6 
gram, and running up to .75 to .9 gram, with interspaced, daily or every 
second day, intravenous injections or inunction of mercury. 

Local lesions in the mouth and ulcerative lesions around the anus, 
perineum and scrotum should be washed with Labarraque’s solution, 
in the strength of 2 or 3 tablespoonfuls to the quart of water, several 
times daily. Condylomata should be carefully cauterized every second 
or third day with acid nitrate of mercury, or with a silver nitrate stick. 
Similarly, the ulcerative lesions on the lips, tongue, throat and cheeks 
should be touched with the same solution. 

Secondary Lesions on the Skin.—When the secondary lesions on the 
skin manifest a tendency to ulcerate, the number of injections of arseno- 
benzol should be increased to 5 or 6, and, at the same time, attention 
being given to the patient’s general hygiene, giving him tonics to build 
him up as much as possible. The following forms of secondary lesions 
on the skin are peculiarly resistant to arsenobenzol treatments: small 
papular syphilid, palmar psoriasis and the pustular syphilid. 

It is necessary, when confronted by any of these lesions, to repeat 
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the injections of novarsenobenzol and to augment their action by giv- 
ing intravenous injections of mercury with them; or, if they are very 
resistant, to give 1 or 2 intramuscular injections of calomel. It is also 
of advantage to give, with them, baths of sulphur water, which can be 
made artificially by the addition of a small amount of Vlemnickx’s 
solution (solution liquor calecis sulphurate, N.F.) to the water in the 
bathtub. 

Certain visceral manifestations need special medication and certain 
others need modification of the preceding methods. 

Syphilitic Headache—Syphilitic headache, if it does not yield to 
the above-described routine treatment, should be treated with one or 
two doses (grains 15-30 [grams 1-2]) of potassium iodid daily, by mouth. 
Also, if the headache is at all persistent, a lumbar puncture should be 
performed to relieve the increased intraspinal pressure, if present, and to 
ascertain if there is a true syphilitic involvement of the basilar meninges 
of the brain, which will be manifested by an increase in the lymphocytes 
in the spinal fluid. If this increase is found, a much more prolonged 
treatment with novarsenobenzol should be instituted and the advis- 
ability of giving some form of intraspinal treatment should be consid- 
ered. 

Facial Paralysis——Facial paralysis, coming on in the secondary 
period, shows that there is a basilar meningitis present, and thus is 
a warning toward the necessity of being very energetic and persistent 
in our treatment. If the paralysis develops before any arsenical treat- 
ment has been given, one or two injections of arsenobenzol of .45 to .6 
gram had best be given at once. If the facial paralysis comes on subse- 
quent to arsenobenzol injection, it is best not to repeat the arsenic 
injections, but to treat him with inunctions or intravenous and intra- 
spinal injections of mercury. 

Syphilitic Hemiplegia and Frank Meningitis—These conditions 
should be treated in the same manner, always remembering that salvarsan 
in medium to large doses produces a temporary congestion in syphilitic 
lesions. This congestion occurring in syphilitic lesions of the central 
nervous system may be a very serious matter. Therefore, salvarsan 
should be given in small doses (.15 to .3 gram), frequently repeated, 
every second day for 2 or 3 doses; then intravenous injections of mer- 
cury bichlorid (1/20 grain) every day or every second day should be 
riven. 

Iritis.—Iritis is quite a frequent complication of the secondary period 
of syphilis, and should be treated energetically both with arsenobenzol 
injections and mercurial injections. We should give from 4 to 6 in- 
jections of novarsenobenzol, beginning with .45-.6 gram and increasing 
up to .75 or even .9 gram in a large patient. At the same time, mercury 
should be administered in the form of inunctions, intravenous injections 
or intramuscular injections of gray oil, in suitable doses and at suitable 
intervals. Iritis cases should never be treated by the syphilographer 
alone; he should always have the patient consult an ophthalmologist. If 
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no ophthalmologist is available, atropin in 1 per cent. solution should be 
placed in the patient’s eye in sufficient amount to thoroughly dilate the 
pupil, and this dilatation should be maintained until the ciliary injection 
has disappeared and the iris has resumed its normal color. Four or five 
drops of the following prescription, placed in the eye twice daily, is 
usually sufficient for this purpose: 


Atropin sulphate ..... ee een Te 0.1 gram (1.5 grains) 
Distilled water .........s.eeeeeees 10.00 e.e. 


Icterus.—Icterus in the secondary period of syphilis should be treated 
by mercury alone, either in the form of intravenous injections, intra- 
muscular injections or inunctions—preferably by intravenous injections, 
as these are easiest controlled—giving small doses (1/40 to 1/30 grain), 
frequently repeated, and watching their effects very carefully. There 
is a tendency in this type of case to have intestinal hemorrhages, due 
to the jaundice. Mercury has an irritative effect on the intestinal mucosa 
also; hence, the need for small doses frequently repeated and careful 
observation. If, for any reason, intravenous injections of mercury 
cannot be given, recourse should be had to intramuscular injections of 
the benzoate or bichlorid of mercury. It is probably best not to give 
any arsenic in these cases; at least, until the icterus has disappeared 
and the liver returns to its normal size, because of the known marked 
toxic effect of the arsenic on the liver cell. Syphilities with icterus in 
the secondary stage of syphilis should be watched very closely clinically. 

Syphilitic Nephritts.—Syphilitic nephritis, in the secondary stage, 
showing albumen and blood in the urine, should be treated with the great- 
est of caution and should be very carefully observed clinically. As 
the intravenous injections are followed by very rapid elimination of 
mercury by the kidneys, it is dangerous to give them in any but small 
doses to this type of patient. It is best to give the bichlorid or ben- 
zoate intramuscularly, commencing with doses of .003 gram (1/20 
grain), and gradually increasing up to .01 gram (1/6 grain), if the 
albuminuria does not increase. If the albuminuria diminishes during 
the mereury treatment, then one may commence to use novarsenobenzol 
in doses of .15 to .3 gram as a maximum. The patient should always 
be in bed during treatment and his urine should be carefully observed; 
and, further, he should be on a treatment and diet suitable for an indi- 
vidual suffering from acute nephritis. 

Syphilttic Lesions of the Muscles and Bones.—Syphilitic lesions of 
the muscles and bones—and particularly the bone pains—are rarely 
persistent enough or severe enough to demand special treatment. How- 
ever, if the pains are quite severe, the regular routine arsenic and mer- 
curial treatment should be carried out, as outlined, and, in addition, 
from 1 to 3 grams of iodid of potassium should be given every day. 
If the pains are quite severe, opium, bromids or chloral hydrate should 


be given in sufficient amounts to at least mitigate the pain to the point 
of tolerance. 
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C. Subsequent Treatment.—The treatment as previously outlined 
is sufficient to free the patient from all active syphilitic lesions and to 
restore him to apparent health. It is necessary, however, to follow 
this treatment by medication, carried on for several years. If the pa- 
tient is so situated that he can see his physician only rarely, he should 
be given some form of mercury pill or capsule, to be taken by mouth, 
such as the following: 


5 
Mercury with chalk..... grains i to ii (0.065 to 0.13 gram) 
Extract of gentian...... grains v (0.3824 gram ) 


Sig.: Four of these pills to be taken daily. 


If he can report to his doctor in two months after the preliminary 
treatments, a Wassermann test should be given, also 2 to 3 injections 
of novarsenobenzol in doses of .6 gram (9 grains) at 8-day intervals. 
This should be followed by another course of mercury pills, or capsules, 
when he should report to his doctor in another two months, and if 
the Wassermann is negative he should have another injection of nov- 
arsenobenzol, followed by the mercury pills. If his Wassermann is 
positive, he should have a course of from 2 to 6 injections of nov- 
arsenobenzol in doses of from .6 to .75 gram, followed by the mercurial 
pill treatment. 

Mercurial treatment should be given 20 days per month, during 3 
months, after the first salvarsan course; 12 to 15 days per month for 
the next 9 months; and during the following year, 12 to 15 days every 
second month; 40 to 50 days twice during the third year; 40 to 50 
days twice in the fourth year; and 40 to 50 days twice in the fifth 
year; thereafter, 40 to 50 days once yearly. 

This treatment should be continued practically throughout life, to 
assure the patient against possible relapse. It will do the patient no 
harm and if he has small foci of Treponemata pallida in his bones, in 
his liver, or in his heart muscle, this treatment will neutralize their 
effects and keep them clinically latent. 

If the patient can see his physician frequently, he should have either 
intramuscular injections of gray oil or salicylate once weekly, or in- 
travenous injections every other day, in courses as outlined above. 

D. Treatment of Syphilis during Pregnancy.—The treatment of 
syphilis during pregnancy does not materially differ from the general 
treatment of syphilis. There are, however, several factors which deserve 
special attention: first, the protection of the mother from the grave 
symptoms which are so common during pregnancy. It is well known that 
syphilis is more grave, aS a rule, during pregnancy than at any other 
time. No doubt, the physiology of pregnancy, which, after all, must 
be considered somewhat of a pathology, has much to do with this, because 
of the gross changes which occur in all the tissues of the body during 
this time. Second, and of great importance, is the effect which syphilis 
of the mother has upon the unborn child. The medical profession is 
well aware of the high mortality in infants born of syphilitic mothers; 
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only benefits the mother herself, but is also a true life-saver for the 
unborn child. 


PROGNOSIS 


The prognosis of syphilis is variable. With modern treatment, grave 
symptoms are not so frequent. Osler makes the statement that, in 
general, the prognosis of the average case is good with careful treat- 
ment and bad without it. 

There are several factors which influence the prognosis. The patient’s 
general condition is one of the important factors. A patient who is 
strong and robust and has always enjoyed good health is in a much 
better position to combat the syphilitic infection than a person whose 
health is generally poor and whose physical condition is not at par. 
An individual in otherwise perfect health is better able to tolerate 
the intensive treatment necessary to kill the Treponemata pallida. 

The presence of any intercurrent disease is a serious complication 
and renders the prognosis much more grave, as now the patient has 
two or more forces tending to break him down, either one of which is 
about all that can usually be combated successfully. 

Age is an important element in the prognosis. The mortality and 
morbidity among children is very high; it is also quite high im the aged. 
Old age predisposes to severe skin eruptions and also major nerve in- 
volvement. The excretory organs of old persons function poorly, and 
consequently it is sometimes difficult to administer sufficient treatment ; 
hence the prognosis is less favorable. 

Intoxication, such as alcoholism, plumbism and excesses of all kinds 
render the prognosis less favorable. These intoxications lead to a marked 
reduction in the patient’s vitality and consequently enable his syphilitic 
disease to progress and spread. 

The use of tobacco may be responsible for mouth lesions and should 
be stopped, at least during the first few months of the disease. 

There are certain hereditary predispositions, especially those con- 
cerned with the nervous system, which are a grave factor, since they 
favor the production of tabes, general paresis and other complications. 

A neurasthenic or hysterical person may become so troubled over 
his condition as to become much depressed mentally and be quite in- 
different to his mode of living, treatment and exercise—which factors 
are very essential to good recovery. The patient must have the will 
to get well and undergo treatment. The facts must be presented in 
such a way that he will understand the seriousness of his disease and 
at the same time understand that the prognosis depends absolutely 
upon himself. If he accepts the advice of his physician and follows 
his instructions, the prognosis is excellent; if he does not, the prognosis 
18 very poor. 

The amount of treatment which the patient receives and the time 
when treatment is begun, are of great importance. The prognosis is 
decidedly better—both as to recovery and guarantee against recurrence 
in a case which is diagnosed in the early days of the disease, when 
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the Wassermann reaction is yet negative, than it is in a case with cu- 
taneous eruptions and a positive Wassermann. The treatment must be 
thorough and regular; the patient not dismissed as cured until blood- 
tests, repeated at various intervals, are negative and he has been free 
from symptoms for some time. The insufficiently treated cases are 
very frequently followed by grave recurrences; and the prognosis in a 
case which is not at all treated is very bad. 

The lapse of time during which the patient is free from symptoms 
is a factor in the prognosis. If he has been free from symptoms for 
a period of 114 to 2 years following treatment, we can be relatively 
sure of his cure. 

The length of life, according to statistics, based upon life insur- 
ance, would indicate that life is shortened about 5 years through the 
invasion of syphilis, and that about 1/7 of the syphilities die as a re- 
sult of their infection, from 20 to 30 years following the infection. 


PATHOLOGY 


The Treponema pallidum enters the body through a break in the epi- 
dermis. This break may be microscopic in size, but once the organism 
enters, it soon proceeds to invade all body tissues by way of the lymph 
and blood-streams. The body tissues immediately undergo a change and 
attempt to combat the invasion, by making the conditions less favorable 
for the Treponemata pallida to multiply. However, the spread of the 
organism is very rapid and the infection soon becomes generalized. It 
has become generalized long before the appearance of secondary lesions. 

The organism appears te have a predilection for certain tissues, such 
as the blood-vessels, bone and nervous system, kidneys and other viscera. 
It is not infrequent that the bone marrow is invaded very early. 
Whether the invasion of a special tissue is purely accidental or whether 
there are various strains of the organism which select this particular 
tissue is as yet not definitely settled, but work done by recent investi- 
gators seems to indicate the existence of strains of Treponemata pallida 
that attack different tissues. However, the resistance which the patient 
offers to the invasion must also be considered as a possible factor in 
determining the type of the tissue invaded. The clinical observation 
—that patients suffering with syphilis of the nervous system usually 
give no history of a secondary rash and that patients having syphilitic 
ostitis and periostitis are not frequently affected with skin lesions— 
rather supports such a belief. 

During the early period of infection, the organisms are practically 
free in the tissues. Soon, however, the invading organism produces 
gross changes—principally of a fibrous nature—in the invaded tissues. 
The structure and function of the invaded tissue are impaired in direct 
proportion to the amount and location of the tissue change. 

Recent investigations done by Wile have shown that the invasion 
of the central nervous system is relatively early in the secondary stage. 


Invasion of the central nervous system may manifest itself early in 
VOL, III.—27. 
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the disease or remain latent for a considerable period. Wile deter- 
mined that there was an early involvement of the central nervous 
system in 30 per cent. of cases, while Fordyce states that no more than 
20 per cent. of his cases of early syphilis show invasion of the central 
nervous system. Wile also detected early invasion of the bone. 

The Treponema pallidum does not multiply readily in the blood, but 
adapts itself much better to the lymph. The organisms become localized 
in the lymphatic spaces, especially in the lymphaties draining the in- 
fected area. The body tissues may offer considerable resistance to the 
growth of the Treponema pallidum, resulting in an infiltration of round 
eells and proliferation of connective-tissue cells around the invading 
organisms, thus giving rise to the chancre. 

Primary Stage——The chancre is distinctly neoplastic in type. It 
sometimes begins as a small vesicle, but usually as a light thickening 
or induration of the surface tissue. The epithelium usually becomes 
necrotic, falls off and reveals a shallow ulcer. Quite early in the de- 
velopment of the chanere, numerous capillaries are formed. A cellular 
infiltration occurs, especially in the region about the blood-vessels. 
These cells are chiefly mononuclear cells, of the type of lymphocytes. 
Plasma cells and large mononuclear and polymorphonuclear leukocytes 
are also present. The intima of the blood-vessels becomes decidedly 
thickened. The ulcer may become deep and extensively involve a con- 
siderable area of skin. However, it heals ultimately. The induration 
disappears and only the scar remains. 

Secondary Stage.—The rash, which is a characteristic lesion in the 
secondary stage, appears as a macular, papular, vesicular or pustular 
eruption. When these heal they leave little trace of their presence, 
rarely producing a scar, but occasionally leaving an increase in pig- 
mentation. 

The macular syphalid is the first one to appear subsequent to the 
chanere. It appears first on the trunk and rapidly appears over the 
entire body. There is a slight dilatation of the blood-vessels of the 
skin and a very slight cellular infiltration occurs. 

The papular syphalid shows distinct and more advanced changes. 
The lesions are somewhat elevated, due to a marked local cellular infil- 
tration; namely, dense, vascular infiltration of mononuclear leukocytes, 
together with a thickening of the vessel walls themselves. When the 
papule disappears, a slight discoloration frequently remains for some 
time. Scales may cap the papules or pustulation, and crusting may 
occur. 

The appearance of mucous patches in the mouth is very character- 
istic of syphilitic lesions of the secondary stage. These occur as white 
areas located in the mucosa. At first, they are raised; later on, they 
become oval, circumscribed ulcers. The white color is due to a thick- 
ening of the epithelium; the ulcer appears when this thickened epi- 
thelium sloughs off. Mucous patches may occur on any mucous surface. 

Flat condylomata frequently occur in the region of the genitals, 
about the anus and inner aspect of the thigh or any moist surfaces 
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which are opposed to each other. Condylomata consist of round, broad, 
lobulated elevations. The epithelium is thickened and there is cellular 
infiltration, chiefly of the lymphocyte type of cells. 

Tertiary Stage —The gumma is the characteristic lesion of the ter- 
tiary stage. It varies in size from microscopic to the size of a hen’s 
egg. It consists of a mass of small spheroidal and epithelioid cells. As 
the gumma increases in size it is likely to become necrotic and caseous 
at the center. Grossly, it appears as a grayish-white or yellowish mass 
which is firm, elastic and transparent. The periphery is definitely cir- 
eumscribed and radiating connective tissue fibers are seen surrounding 
it. Characteristic changes are produced in the blood-vessels, such as 
endarteritis and panarteritis. 

Following the inoculation and the generalization of the infection, the 
patient develops a sort of immunity. This immunity, however, is only 
relative since, if sufficient virus is used in making an inoculation, a 
lesion develops which is atypical and Insignificant. Such a lesion 
will result even during the secondary stage of the disease. If inocula- 
tion is made in the tertiary stage, a tertiary lesion will result. 

Circulatory System.—HeEsrt.—In cardiac syphilis, the pericardium, 
myocardium or endocardium may be affected. The affection may mani- 
fest itself as a hyperplastic infiltration or as a gummatous_ in- 
volvement. Syphilitie pericarditis usually manifests itself as a fibrous 
pericarditis, affecting only a small portion or the greater part of the 
pericardial sac. Gummata of the pericardium are oceasionally found 
and occur as miliary lesions, scattered over the pericardial surface. 
Myocarditis may occur as a fibrous or gummatous process and leads 
to weakening, dilatation and hyperplasia of the heart wall. Svyphilitie 
endocarditis only rarely affects the valves. When there is vascular 
involvement, only one valve is attacked, and usually only one of the 
cusps. The left ventricle and septum are most commonly affected. 
Fordyce states that 75 per cent. of aortic insufficiencies are syphilitic 
Mm origin. 

ARTERIES.—The syphilitic infection begins in and about the arteries; 
consequently, they are extensively involved during the course of the 
disease. Syphilitic aortitis 1s responsible for the great majority of cases 
of aortic insufficiency, aortic dilatation and aneurysms of the aorta. 
Syphilitic aortitis affects chiefly the ascending portion of the aorta in 
the region of the valves. The process spreads from this region and 
later involves the valves. Aortitis may affect the descending aorta, 
and if the sclerosis is extensive, the abdominal aorta may also be in- 
volved. Macroscopic examination of the aorta reveals very character- 
istic pictures; the internal surface appears wrinkled and puckered. 
Radiating elevations are present and there is a tendency to sclerosis. 
Uniform or fusiform dilatation of the aorta may occur. Aneurysmal 
pouchings may occur or true aneurysm may exist. The various layers 
of the vessel walls may vary considerably in consistency and thickness. 
Some areas may be thin and translucent and others may be thick and 
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cartilaginous. The intima maintains its characteristic glistening appear- 
ance. 

Microscopie examination shows the infection to involve the blood- 
vessels themselves. The walls of the vessels become thickened and 
there is a surrounding infiltration of lymphocytes and plasma cells. 
The media of the vessel is affected by a miliary gummatous process. 
Fragmentation occurs and is followed by destruction and disappearance 
of the elastic tissue fibers. 

The cerebral arteries are frequently involved. The process con- 
sists in the development of a nodular tumor, associated with a gum- 
matous meningitis or with the presence of many large gummata. The 
artery may be extensively involved by the gummatous process and pro- 
liferation result. Thickening of the layers of the arterial wall in the 
smaller vessels may produce obliteration with or without thrombosis. 
Obliteration of the vessel lumen produces various pathological condi- 
tions, depending upon the artery involved. In case one of the cerebral 
arteries is affected, a paralysis, hemiplegia or monoplegia will result; 
whereas if one of the arteries of the extremities is involved it may 
produce a gangrenous area. 

CAPILLARIES.—Syphilitic disease of the capillaries consists of a swell- 
ing of the endothelium, with an infiltration of lymphocytes and plasma 
cells. The process is so closely related to the changes in the various 
organs that it is better described with them. 

Lymphatic System.—Enlargement of the lymph nodes occurs early 
in the course of syphilis. Taken in connection with the presence of 
a chancre, lymphatic enlargement constitutes one of the earliest diag- 
nostic signs of a syphilitic infection. The nodes are hard; the lymphatic 
ducts, when palpable, feel hard and cord-like. Invasion of the lymphatic 
system may be very extensive during the secondary stage, or almost 
entirely absent. The degree of involvement is no indication as to the 
severity of the disease. The regional glands are the ones first and most 
extensively affected. The epitrochlear glands are two deep lymphatic 
glands of considerable importance, as they are deep, from the lymph 
circulation standpoint, but superficial and easily palpable from an 
anatomical standpoint. Consequently, they only enlarge from so:ne con- 
stitutional disease and not from superficial infections. 

Respiratory System.—Nose.—Primary syphilis of the nose is rare. 
Occasionally mucous patches are found on the inferior turbinate at 
its anterior extremity or on the inner aspect of the ale. The posterior 
nasal space is most frequently attacked by secondary lesions. The mem- 
branes of the nose appear congested. 

In the tertiary stage, the nose may be involved very early, principally 
by ulcerative lesions. The ulcerations spread slowly and leave large 
suppurative areas. The degree of involvement may be deep. enough 
to cause the septum to be perforated, and if the perforation is large 
enough the support of the nasal bridge is weakened and the nose caves in. 

LiARYNX.—Syphilitic involvement of the larynx is rather rare. In 
a series of 341 cases of late syphilis, Symmers found it in about 4.5 per 
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cent. of the cases. The disease manifests itself in the secondary stage 
as mucous patches, which may or may not be ulcerated, or as condy- 
lomata. In the tertiary stage, laryngeal syphilis manifests itself as a 
diffuse infiltration of small round cells which may ulcerate or may 
become organized and produce a swelling which usually affects the 
vocal chords, the perichondrium or the arytenoid folds. Laryngeal 
gummata are observed invading the epiglottis and the posterior portion 
of the larynx. The perichondrium may be affected and result in necrosis 
or exfoliation of the affected cartilage. 

BRONCHI AND TRACHEA.—During the primary and secondary stage 
of syphilis involvement of the trachea and bronchi is catarrhal in na- 
ture, and no definite pathological changes are observed. In the later 
stages, gummatous involvement may be quite extensive and lead to a 
series of changes, from thickening of the mucosa up to and including 
ulceration, cicatrization and resultant stenosis. 

Luncs.—Syphilis of the lungs is very rare and is seldon diagnosed 
clinically. It occurs as the congenital form—so-called white pneumonia 
—which is a diffuse pulmonary change of an interstitial type. It is seen 
in stillborn babies or babies who live but a short time. Or it may occur 
as the acquired form, rather sharply circumscribed. The latter is usu- 
ally gummatous in nature, or it may be a chronic interstitial pneumonia 
or syphilitic phthisis. 

One lobe of the lung is usually affected in part or whole. The 
lung appears white or grayish-white in color. It is heavy and dry and 
may be free from air if the child is stillborn. Thickening of the alveoli 
is present. In interstitial pneumonia there is an extensive infiltration 
of the interalveolar connective tissues. Connective tissue of the in- 
teralveolar areas becomes markedly increased. The characteristic syph- 
ilitic arterial changes are observed. 

In the acquired type of lung syphilis, the gummata resemble in 
every way the gummata found in other organisms, but generally white- 
sear tissue develops and leads to a contraction of the lung tissue. In- 
terstitial pneumonia is manifested by long strands of connective tissue 
which radiate from the hilus of the lungs and may surround the bronchi 
and blood-vessels. The lobe of the lung may be extensively involved 
or only areas of sclerosis may occur. Syphilitic phthisis is very rare. 
The process usually develops about the root of the central portion of 
the lung and progresses in any direction. The gummata rarely break 
down and there is very little tendency toward cavity formation. When 
cavities are present they are usually bronchiectatic in type. 

PLEURA.—The pleura may be secondarily involved in syphilis of the 
lung and become thickened. Gummatous infiltration of the pleura has 
been described. It is exceedingly rare. 

Digestive System.—Sativary GuANpDSs.—Tumefaction of the salivary 
glands occasionally occurs during the secondary stage of syphilis. The 
parotid gland is most frequently involved and the condition simulates 
mumps very closely. Fordyce relates the case of a patient in the ter- 
tiary stage of syphilis who consulted him for a diffuse hyperplasia of 


422 SYPHILIS 


the parotid glands. His infection dated back eight years. He had a 
marked interstitial glossitis that manifested itself by great enlarge- 
ment of the tongue with deep fissures and patches of superficial leuko- 
plasia. Swelling was perceptible in both glands. The consistency was 
increased and there was no tenderness. The glandular enlargement sub- 
sided gradually under antisyphilitic treatment. 

EsopHacus.—Gummata of the esophagus most frequently involve the 
lower portion of the passage. Diffuse infiltrations are more marked In 
the central region. These processes are followed by inflammation and 
cicatrized tissue, and ultimately result in a stenosis of the esophagus. 

Stomach AND INTEsTINES.—Acute syphilitic enteritis has been re- 
ported from time to time, but little is known of the condition. Chronic 
enteritis, however, occurs during any of the stages. It consists of an 
infiltration of small round cells in the stomach walls and an increase 
in connective tissue. Gummata of the stomach and intestines oceasion- 
ally occur and may be very circumscribed or diffuse in type. Occur- 
rence of syphilitic ulcerations is rare; Symmers reports 1 case of un- 
doubted syphilitic ulcer in 314 necropsies in syphilitic cases. This case 
showed characteristic histological features of syphilis, such as chronic 
proliferation, inflammatory changes, miliary gummata, endarteritis 
obliterans and cellular infiltration. The organism most frequently at- 
tacks the large intestine. Chancres may occur in the rectum or diffuse 
gummata may be observed, which ulcerate and lead to a stenosis or 
perforation. 

LivErR.—Acute hepatitis may be caused by syphilitic infection during 
the secondary stage of the disease, but since few of these patients die 
during this stage, the specimens of such conditions are relatively rare. 
Jaundice occasionally occurs at the time of the skin eruption, and 
acute yellow atrophy sometimes occurs, which consists in a rapid de- 
generation of the parenchyma. Various theories have been formulated 
to explain the occurrence of jaundice, such as pressure on the bile duct 
by the enlarged lymphocytes, and inflammation of the duct, acute hepati- 
tis with hyperemia and stopping-up of the bile duct by syphilotoxin. 

Syphilitic hepatitis in infants who have had congenital syphilis has 
been carefully studied. It is quite likely that the acquired and con- 
genital types are more or less similar. In case of congenital hepatitis, 
there is a diffuse cellular infiltration of the parenchyma, chiefly with 
mononuclear cells. The infiltrations may be perilobular, lobular and 
interstitial in type. The liver is increased in size and cholangitis and 
cirrhosis of the liver may be noted. 

The changes in the liver which occur later in the course of syphilis 
are better known and the pathological lesions resemble more closely 
those produced in other parts of the body. Gummata and fibrosis are 
characteristic manifestations. The syphilitic liver may be grossly di- 
vided into three types; all three types may be present in the same 
liver. 

(a) Lobulated Type of Syphilitic Cirrhosis.—The lobulated type of 
syphilitic cirrhosis is frequently characterized by gummata. Lobula- 
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tion is produced by the absorption of the gummata and their subse- 
quent replacement by fibrous tissue. These lobulations may be few or 
numerous. The left lobe is usually more extensively involved than 
the right lobe. 

(6) Diffuse Type of Syphilitic Cirrhosis —This type presents char- 
acteristic lesions of syphilitic perihepatitis on the surface of the liver. 
The lesions consist of grayish or whitish scars which are more or less 
stellate in shape. These scars are usually deep, and thus interrupt 
the otherwise smooth surface of the liver. The fibrous changes pro- 
duced extend into the parenchyma or may be attached to the hepatic 
capsule. <A diffuse fibrosis is observed scattered throughout the organ. 

(c) Perihepatitis.—This type of syphilitic liver involvement is char- 
acterized by stellular or lobular fibrosis on the surface of the liver. They 
may be grayish or whitish in color and vary greatly in size from a 
few microns to several centimeters. There is no parenchymatous in- 
volvement, except in the region immediately beneath the capsule. Sym- 
mers reports that in 4,880 necropsies—of which 314 were cases of fatal 
syphilis—syphilis of the liver, manifested as lobulated cirrhosis, was 
present in 16 per cent. Syphilitiec scars were found on the liver in 
6.8 per cent. and amyloid disease was present five times. 

PANCREAS.—The pancreas is only rarely involved by syphilis. Pan- 
creatitis is more common in adults than gummata. It occurs as an 
induration which simulates syphilitic cirrhosis of the liver and is usu- 
ally associated with the latter condition. A palpable tumor may be 
present which leads to obstruction of the pancreatic ducts and occa- 
sionally the common duct. Warthin, however, states that 1n all the old 
eases of syphilis which he examined at autopsy the pancreas showed 
greater or lesser degree of atrophy and interstitial fibrosis. In the 
majority of cases, the changes occur through the organ; but it undoubt- 
edly shows special tendency to involvement. Some of the lobules show- 
ing marked changes were surrounded by lobules showing no changes, 
while in other cases the entire pancreas showed a diffuse fibrosis. 

The increase in connective tissue was intralobular and interlobular. 
Careful examination in each case revealed the presence of active areas 
of plasma-cell infiltration, and in a few cases, the presence of Treponemata 
pallida. The syphilitic nature of the lesions was known from the syph- 
ilitic lesions in other tissues. Of 12 cases of diabetes which were 
autopsied by Warthin, the pancreas showed characteristic plasma-cell 
infiltration and fibrosis in 11 of them. In all but 2 cases, island fibrosis 
was very marked; however, in several non-diabetic cases, chronic pan- 
creatitis and fibrosis of the islands were equally or more marked. War- 
then considers these changes as characteristic of syphilis involving the 
pancreas. 

PERITONEUM.—The peritoneum when involved is always secondary 
to syphilitic disease in some of the abdominal viscera. 

Urinary System.—KipnNey.—The kidneys are affected both during 
the early and late stages of syphilis and also in the congenital and 
acquired form. Albuminuria is frequently observed during the early 
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or secondary stage. It is usually persistent and may be very severe. 
The urine may contain albumin for a considerable period. The nephri- 
tis may be of an acute or subacute type, which usually ends in recovery ; 
or a chronic characteristic tubular type may result and lead to the pro- 
duction of a large white kidney, and seriously involve the excretory 
tubules. 

In the tertiary and latent stages, syphilitic nephritis is more com- 
mon. Acute and chronic parenchymatous or interstitial nephritis may 
occur, as well as amyloid degeneration. Interstitial nephritis is more 
common than the parenchymatous type. It consists in a marked in- 
crease in connective tissue of the kidney and eapsule, with an obliteration 
of the tubules by compression. The walls of the blood-vessels are 
very much thickened and induration is very marked. Gummata rarely 
oceur; they are usually multiple and located in the cortex or pyramids. 
A large solitary gumma may occur and closely simulate tumor. Amyloid 
disease is frequent in the older patients. 

URETERS.—Syphilitic infection of the ureters is very rare. 

URETHRA.—The urethra may be the seat of syphilitic infection during 
any stage of the disease. It is most frequently involved during the 
primary stage, when inoculation may occur at the meatus or fossa novicu- 
laris. Mucous patches sometimes develop in the urethra during the sec- 
ondary stage. During the tertiary stage, the urethra may be invaded 
by a diffuse gummatous inflammation, with ulceration; or by a solitary 
gumma, which is less common. 

BLADDER.—The bladder is affected both during the secondary and 
tertiary stages of syphilis. During the secondary stage, the mucosa 
appears congested and lesions similar to mucous patches may be ob- 
served cystoscopically ; while in the tertiary stage gummata and ulcera- 
tions are observed. They project into the cavity. Their edges are infil- 
trated, and they are usually covered by incrustations. 

Reproductive System.—UtTrervus.—Syphilis of the uterus is rare. 
Primary and secondary lesions of the body of the uterus, as yet, have 
never been observed, but several cases of tertiary lesions are recorded. 
The changes produced are gummatous in type. Chancre on the cervix 
is a relatively common lesion. Schwarz reports a case of late syphilis 
of the cervix uteri in a patient who was operated upon. At operation, 
the uterus was found to be at least twice the normal size. It was in- 
durated and oozed freely. There was no apparent ulceration present. 
Examination of the tissues obtained by curettage showed nothing more 
than a chronic endocervicitis. However, the cervical tissue showed an 
inflammatory condition. There was evidence of round-cell infiltration. 
Diffusely scattered through the tissue were cells which stained slightly 
and whose outline was distinct. Four or five giant cells were observed 
in a field. The infiltration was especially marked around the blood. 
vessels, and in some places induration of the muscle tissue was observed. 
The patient gave a positive Wassermann reaction. 

MAMMARY GLAND.—The mammary gland may be affected during any 
stage of acquired syphilis. It is also affected in congenital syphilis. 
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Chancres or mucous patches may occur on the nipple. Iu the tertiary 
stage and in congenital syphilis, the gumma is the characteristic lesion. 

PROSTATE.—The prostate is seldom affected in syphilis. When in- 
fection does occur in this gland, the lesions are analogous to the syph- 
iloma in other locations. The lesions are of the tertiary type only and 
are destructive in nature. 

OvariESs.—Gellhorn and Ehrenfest, after collecting records on a con- 
siderable number of cases, report a supposed syphilis of the ovary and 
eonclude that in only one case was there positive proof of the ex- 
istence of a syphilitic process. This was a case reported by Hoffman 
in which the Wassermann was positive. At autopsy, the right tube and 
ovary were transformed into a gummatous mass, and a thick layer of 
gummatous tissue was found which involved the entire endometrium 
and penetrated deeply into the myometrium. Gummata were also found 
in the liver and lungs. 

TESTES.—Syphilis frequently attacks the testes. There may be an 
involvement in both the acquired and congenital types of the disease. 
Involvement of the epididymis and the membranes is usually secondary 
and manifests itself as a diffuse induration of the testes, with or without 
hydrocele. It also manifests itself as circumscribed gummata. The 
testicular tubules are compressed, degenerated and atrophied, and may 
present a cheese-like appearance. When the membranes of the testicles 
are involved a diffuse thickening occurs. The vas may be greatly thick- 
ened, and hydrocele occurs in the secondary period at the time of the 
appearance of the skin rashes. Later on, in the tertiary period, hydro- 
cele occurs as a complication of testicular gummata. 

Nervous System.— Brain.—Meningitis occurs both as a hyperplastic 
and as a gummatous process, involving all of the membranes of the 
brain. The process may be the extension of the disease from other 
tissues, such as an ostitis or periostitis, which later involves the dura. 
A diffuse gummatous infiltration, usually associated with a fibrosis hyper- 
plastic meningitis, is usually found where the meninges are primarily 
involved. The process usually remains as a leptomeningitis, even when 
the three membranes are involved. Syphilitic meningitis is uni- 
formly distributed over the base and the convexity of the brain but 
it may be localized. In a syphilitic leptomeningitis, or pachymeningitis, 
the base of the brain seldom escapes. The region about the chiasm and 
the interpeduncular area are the sites most frequently affected. This 
leads especially to the involvement of the optic nerve and the muscles 
of the eye. Small or large gummata may be present; they may be 
single or multiple or occur as a diffuse infiltration. The base and the 
convexity of the brain are usually the sites of their occurrence, and 
they usually appear on the dura. When they are present in the brain 
substance, they are usually located in the cortex and generally in the 
region of the central convolution; but they are not limited to this area. 

The blood-vessels may be invaded by the syphilitic process, to the 
extent of narrowing or even complete obliteration. Interference with 
the blood supply may lead to softening and necrosis of the arterial areas 
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supplied by the blood-vessels. The internal capsule, pons, medulla and 
large ganglia, because of their terminal blood supply, are especially 
liable to softening. Cerebral hemorrhage may also occur as a result 
of rupture, due to degenerative changes in the blood-vessel walls. 

Corp.—Spinal syphilis may be a disease of the meninges, nerve roots 
or blood-vessels. The changes produced in the cord itself are secondary 
to and dependent upon the pressure from the thickened meninges or the 
anemia produced by the blood-vessel changes. The meninges may be 
invaded and gummatous thickening or tumor formation occur. The 
process may extend to the periphery of the cord and involve the nerve 
roots, producing severe pain. Endarteritis, endophlebitis and throm- 
bosis may cause disturbances in a part of the cord, with the produc- 
tion of local softening and necrosis. 

NeERvVES.—Because of the position of the cranial nerves at the base 
of the brain, they are frequently compressed in the foramina as they 
leave the skull, by a thickening of the meninges. The oculomotor nerve 
is involved in nearly one-half of the cases, and the branch supplying 
the levator muscles of the upper eyelid is especially involved, pro- 
ducing ptosis. Optic neuritis is frequently present and leads to atrophy 
and blindness. The trigeminal may be involved in any one or all of its 
branches and may produce disturbed sensations. Facial palsy may occur 
alone or associated with deafness on the same side. The peripheral 
nerves may be affected during syphilitic infection and the lesion pro- 
duced varies with the nerve involved, the location of the lesion in the 
nerve, the nature thereof, and its extent. There may be actual de- 
struction of the nerve tissue, leading to muscular paralysis, in case 
of involvement of the motor nerve, and sensory loss in case a sensory 
nerve is involved. 

Muscular System.—Syphilis of the muscles occurs as a diffuse syph- 
ilitic myositis or as a gummatous process. Diffuse syphilitic myositis, 
early, consists of a swelling of the muscle with a deposit of plastic ma- 
terial between the muscular fibers. Later, fibrosis occurs and atrophy 
of the muscle fibers results. There is an increase in the interstitial 
connective tissues, with separation of the muscle fibers from each other. 
The muscle fibers may later become opaque, granular and the striation 
disappear, or, if simple atrophy results, the striation will remain well 
marked. 

Gummata, when recent, are not sharply defined from the surrounding 
muscular tissue, but in the later types a cellular infiltration separates 
the gumma from the muscular tissue. The muscle fibers are somewhat 
separated from each other and are partially atrophied. In most eases, 
the fibers retain their striations and nuclei, but in older cases dense 
fibrosis may be present. Atrophy of the muscle tissues in either case 
leads to contraction. 

Bones and Joints.—Osszous System.—Periosteal inflammation may 
occur during the secondary stage of syphilis; but the tertiary lesions 
of the bones are far more common. The skull, tibia, fingers and such 
bones as are rather superficially located are most commonly affected. 
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The lesion produced may be distinctly gummatous or it may closely 
simulate chronic inflammation of the bone, such as is observed in other 
diseases. The periosteum is first involved; it becomes more or less 
separated from the bone by an inflammatory infiltration, which is com- 
posed, for the most part, of small, round cells. Occasionally, the peri- 
osteum ruptures and produces a break in the skin. Ulceration may 
become quite extensive and may lead to necrosis of the bone and the 
formation of a sequestrum which may be discharged. Instead of end- 
ing with ulceration, however, the syphilitic inflammation may lead to 
the production of new growth of spongy bone on the old cortex. The 
bone may, on the other hand, become very hard and solid. The pro- 
duction of new bone tissue on the outside of the shaft causes a thick- 
ening of the bone and produces a rough and irregular surface. When 
the production of new bone is very extensive and, besides invading 
the periosteum, invades also the haversian system and the cancellous 
portion of the bone in the interior, the bone may become very dense 
and ivory-like. Such bone is much heavier than normal. 

iummatous lesions may affect the periosteum or the interior of the 
bone. When the periosteum is affected, the process extends along the 
blood-vessels, enlarges their canals and, by the process of erosion, gives 
them a peculiar worm-eaten appearance. If such process is very ex- 
tensive, complete destruction of the bone may result. In ease the skull 
is involved, a gummatous mass may penetrate it sufficiently to lead to 
involvement of the dura mater or it may even extend deeper. Osteo- 
phytes from the periosteum surround the process and make it appear 
still deeper. The shin bone may be the seat of gummatous nodes which 
extend into the cortex and marrow cavity and may lead to necrosis of 
the bone fragments. 

The skull may be extensively involved. Both rarefaction, with de- 
struction and sclerosis of the bone, may result simultaneously in such 
a process. Involvement of the bone marrow by gummata is not infre- 
quent; it consists of gelatinous patches which, because of their fat con- 
tent, often appear bright yellow in color. These patches may occur 
singly or they may be sufficiently numerous to fill the whole marrow 
cavity. Usually they do not give rise to any outward evidence of their 
existence, but the cortex may be eroded and a corresponding new 
layer of bone may be produced by the periosteum. F istule or canals 
are formed which resemble very closely the lesions produced in an 
ordinary osteomyelitis, except that no sequestra are present. Gummatous 
osteoperiostitis with enlargement, rarefaction and internal destruction 
of the phalanges is observed in syphilitic dactylitis. 

JOINTS.—The joints may be attacked in the course of a syphilitic in- 
fection. Involvement may manifest itself simply as an accumulation 
of water exudate or by the formation of granular tissue in the synovial 
membrane which may later become ulcerated. This involvement may be 
secondary to the epiphyseal involvement. The cartilage becomes raised 
and the cavity may become obliterated by the fibrosed tissue. 

BonEs IN HEREDITARY SyYPHILis.—The lesions found in acquired 
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syphilis are also found in hereditary syphilis, but many of these processes 
in children have more special features. Bone forms under the peri- 
osteum, which is very characteristic and gives rise to nodes. The nodes 
are at first soft, but later become sclerosed, and unless antisyphilitic 
treatment is begun early they are quite likely to persist indefinitely. 

Syphilitic osteochondritis is characterized by the ends of the bone 
becoming enlarged. This enlargement usually occurs within the first 
year of life and affects, chiefly, the epiphysis. Separation of the epiphy- 
sis may occur as a result of the transformation of the cartilage into 
connective tissue. The affection is usually symmetrical; it may be mul- 
tiple. The knees, elbows and wrists are most frequently attacked. 

The epiphyseal line on the femur presents a very definite picture 
in hereditary syphilis. In the hereditary syphilitic bones, the line be- 
tween the epiphysis and diaphysis is broad and uneven, instead of 
narrow, sharply defined and regular, as in normal bone. Various grades 
of the lesion may be observed. If the involvement is only slight, a 
white or reddish-white zone which is very irregular, broad, and con- 
sisting of calcified cartilage with an abundance of cartilage cells, may 
exist between the cartilage and the newly formed bone. If the lesion is 
more severe, the zone is still broader, more irregular and less sharply 
defined from the zone of ossification. The surrounding cartilage is 
rather soft; many blood-vessels, areas of connective tissue, calcification, 
or irregular ossification, may be observed. 

Craniotabes is very characteristic of hereditary syphilis and con- 
sists of an absorption of the osseous tissue of the cranium, forming here 
or there a thin bone; or the bone may be entirely absorbed in places. 
The parietal bones are most frequently affected. 

Endocrine System.—SuPpraRENALS.—Amyloid degeneration of the 
suprarenal glands is not uncommon. Interstitial changes take place and 
localized or diffuse gummatous inflammations are observed. The cellular 
infiltration, so characteristic of syphilitic processes, is slight, in the ma- 
jority of cases. The medulla on the inner portion of the reticular zone 
of the cortex is generally affected. The capsule is usually thickened, 
and infiltration and fibrosis may be so extensive as to cause marked 
atrophy of the gland, simulating Addison’s disease. Gummata are fre- 
quently present and are usually miliary in type. Treponemata pallida 
are abundantly present in congenital syphilis, involving the parenchyma. 

THymus.—Up to the present time, but little is known about syphilitic 
infection of the thymus. Various cases of such infection have been 
reported from time to time, but the subject is still open to investi- 
gation. 

THyRom.—The thyroid gland is very frequently enlarged in early 
secondary syphilis. Gummata rarely occur, either in adults or in the 
newborn. 

PituiTary.—Little is known about the syphilitic involvement of the 
pituitary gland during the early stages of syphilis. In the tertiary 
stage, the gland may be invaded by a gumma and produce glycosuria 
or other pituitary symptoms. 
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Blood.—Oligocythemia and oligochromemia occur when there is ex- 
tensive glandular involvement. Anemia of the chlorotic type and 
marked hemoglobin reduction are common at the outset of the secondary 
symptoms and are also present late in the disease when numerous ulcera- 
tions are present. There is a slight increase of white cells, especially 
the lymphocytes. A slight eosinophilia may be observed. Treponemata 
pallida may be found in the blood rarely. 

Skin.—The lesions which characterize a syphilitic infection are the 
chancre in the primary stage, the rash in the secondary stage and gununa 
in the tertiary stage. 

Organs of Special Sense.—Evre.—The conjunctive may be involved 
during any stage of the disease, but such involvement is extremely rare. 

The cornea is frequently affected and the infection manifests itself 
as a keratitis. It may be produced either in the acquired or hereditary 
syphilis, but it is more common in the latter type of the disease. The 
cornea becomes more or less opaque, due to a thickening of the epi- 
thelium and to infiltration of leukocytes. 

Syphilitic writis develops frequently early in the secondary stage, 
but may appear late and be due to minute gummata. The choroid, 
when invaded, manifests itself as a serofibrinous process, or a diffuse 
or disseminated choroiditis. Involvement of the retina is usually asso- 
ciated with this condition. The vitreous appears cloudy; connective 
tissue formation leads to atrophy. 

EarR.—Syphilis may affect any part of the ear. The drum is occa- 
sionally the seat of a primary infection. The labyrinth is sometimes 
affected during the secondary stage, probably as the result of vascular 
changes or of a periostitis, and is usually unilateral in type, and acute 
or chronic otitis may be observed. The internal ear may be secondarily 
involved and may be the seat of secondary or tertiary lesions. 
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Hereditary syphilis differs from the acquired type of the disease 
chiefly in the absence of definite periods in the course of development. 
Chancre never occurs, and the disease, to begin with, is a constitutional 
one. Hereditary syphilis may be early or late, depending upon the 
time which elapses before syphilis manifests itself. In early hereditary 
syphilis, the symptoms may be present at birth or they may appear 
within a few days or weeks. As a rule, the child appears normal at 
birth and continues so for a variable time before the syphilitic infec- 
tion manifests itself. Where the infection is severe, the symptoms are 
present at birth or soon develop. In late hereditary syphilis, the child 
may appear healthy for several years, even up to the fifteenth or twen- 
tieth year, before any symptoms appear. 

Transmission.—It is now very generally believed that the transmis- 
sion of syphilis is from the mother to the child through the placenta, 
the fetus thus becoming infected in the uterus. Infection may occur 
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at the time of birth, but such infection is really acquired syphilis and 
the symptoms do not especially differ from those of acquired syphilis 
in the adult. 

Factors Which Determine the Development of Hereditary Syphilis. 
-—The development of syphilis is determined by several factors, such as 
the time of pregnancy during which infection occurs, the stage of ma- 
ternal syphilis during which infection occurs, and whether treatment 
has been administered to the mother before or during the pregnancy. 
If the mother becomes infected during the early months of pregnancy, 
abortion is most likely to follow, whereas if infection occurs in the later 
months of pregnancy, the chance for abortion is less, or the child may 
even escape infection completely. If conception occurs a short time 
following the infection, abortion is likely to occur, while if the mother’s 
syphilis is fairly late, the child may be born at term as a macerated 
fetus or as a stillbirth, or it may even be borne apparently healthy. 

Characteristic Symptoms of Hereditary Syphilis—The syphilitic 
child presents a very characteristic appearance at birth. It appears 
weak, feeble, and the skin presents a dirty appearance and eruption 
may be present on the palms and soles. The face presents the appear- 
ance of a little old man. Coryza is present and the cry is weak and 
hoarse. The physical features are poorly developed or may even be 
abnormal. The majority of syphilitic children, however, produce no 
such characteristic appearance at the time of birth and the symptoms 
do not present themselves until about two or three weeks after birth, 
the child appearing well nourished and well developed until that time. 

CoryzA.—Nasal catarrh is a very characteristic symptom in the ma- 
jority of congenitally syphilitic infants. It is usually early, preceding 
the skin eruption, and lasts for some time after the other symptoms of 
syphilis have disappeared. Breathing becomes difficult and the child 
snuffles. This difficulty in breathing is the result of congestion and 
swelling in the nasal mucous membrane, which may be extensive enough 
to almost completely close the nasal passages. The real obstruction, 
however, is due to the presence of a nasal discharge, which consists of 
mucus and serum and which later becomes blood stained. Persistent 
discharge causes irritation of the lips, which become red and excoriated. 
As time goes on, the discharge becomes more profuse, crusts, and forces 
the child to breathe through its mouth because of complete nasal ob- 
struction. If treatment is not administered early, the submucosa may 
be involved and ulceration results. Still later in the disease, the nasal 
cartilages and bones may become infected. 

SKIN Eruptions.—Skin eruptions of hereditary syphilis in general 
simulate fairly closely the lesions observed in acquired syphilis. Never- 
theless, there are certain differences in the course and the symptoms 
produced which serve to differentiate them. The initial lesions are never 
observed, and the appearance of the eruption is not characterized by 
definite periods. However, the nature of the syphilid depends upon 
whether the infection of the fetus occurred before or after conception, 
or whether it occurred at the time conception took place. The nature 
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of the skin also serves to determine the type of eruption. Infiltration 
is less marked than in acquired syphilis, but hyperemia is more intense. 
When the eruption occurs late in the disease, the lesions more nearly 
resemble those observed in adult infection. 

Erythematous or Macular Syphilid——The erythematous or macular 
syphilid is the lesion most commonly observed. It may appear within 
one week after birth, or as late as two months or more, but on the average 
it appears within the first month. The macular eruption manifests 
itself as red patches, which later become brownish-red in color. They 
appear on the body in the form of small, oval, rounded or irregular 
spots, which do not entirely disappear on pressure. The eruption may 
be somewhat confluent and cover considerable areas, forming a more 
or less unbroken sheet which is dull red in eolor. The genitals and 
face are not infrequently mvolved and in this way they differ from 
the macular syphilid observed in acquired syphilis. 

Papular Syphilid—The papular syphilid, which occurs in hereditary 
syphilis, is less infiltrated than that observed in acquired syphilis. The 
tendency toward scale formation is also less marked. When the papules 
are situated on the surfaces which are constantly moist and irritated, 
they give rise to mucous patches, or condylomata lata. These lesions 
are especially found in the region of the mouth and anus, on the thighs 
or scrotum. Ulceration of the latter lesions may occur and be very 
destructive. The papule is usually found on the palms, sole, buttocks 
and face, but it may be present in any part of the body. When located 
on the buttocks or sole, exfoliation is quite marked, and in eases where 
the papules are numerous and confluent some of the epidermis may 
fall off in round, large pieces. The skin underlying the confluent syph- 
ilid is of a copper color. 

Vesicular Syphilid—The vesicular syphilid is extremely rare and 
is usually associated with the papular or papular vesicular lesions. If 
the vesicles are large, the contents become purulent. 

Pustular Syphilid—Pustular syphilid may be observed at birth, 
but as a rule it follows the appearance of the papular syphilid. The 
lesions may not appear until relatively late after the initial eruption. 
It is most frequently seen in children whose general condition is much 
below par. The thighs, buttocks, face, scalp, groins and soles are most 
frequently involved. The lesions vary considerably in size. The pus- 
tule may disappear without leaving any permanent change, but pig- 
mentation is usually observed for some time and scarring usually occurs. 
Occasionally, a child is born presenting lesions on the skin; these lesions 
are known as bullous syphilid or pemphigus syphiliticus. They are 
most frequently seen on the soles, palms, toes, fingers or limbs, and 
are especially likely to be present on a prematurely born infant. The 
blebs contain a cloudy serum, which soon becomes purulent. They are 
circular or oval in outline, but are sometimes irregular. They 
are surrounded by aureola and frequently become confluent. This type 
of syphilitic eruption indicates a marked intoxication. Sometimes the 
bulle are distended, with a sanguineous fluid, and when they rupture 
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hemorrhage results. The bleeding is slight, but indicates extreme poison- 
ing. Such cases are usually fatal. 

Tubercular and Gummatous Syphilids——Tubercular and gummatous 
syphilids usually appear relatively late—usually within the second or 
third decade of life. As a rule, only a single group occurs; it may be 
dry or ulcerative in type and circular in outline. The face is the common 
site for the lesion, the area about the nose being especially predisposed, 
but the anterior surface of the leg is also a common site. The lesion 
develops insidiously; it is of a copper color and ‘painless. When 
ulceration results it gradually spreads, or it may heal and be replaced 
by scar tissue. 

Fissures and Mucous Patches.—Fissures constitute some of the most 
characteristic findings of early hereditary syphilis. They are most com- 
monly seen in the region of the mouth and nose, but may occur in other 
places. They are multiple, deep, bleed readily, and are painful. They 
do not respond to local treatment, and sears result from healing of the 
ulcerations. The fissures are transverse to the border of the lips or 
anus, and the cicatrization causes a puckered appearance of the skin 
When the papule is located in a region which is constantly moist or 
where two surfaces come in contact, mucous patches commonly result. 
They are most frequently found on the lips, vulva, anus and serotum, 
but may occur in other areas, such as the axillw and the folds of the 
groins. The lesions are raised and vary in size from 3 to 12 millimeters 
and are of a grayish-white color. Ulceration of these lesions may occur. 

Hair AND NaiLs.—Alopecia.—Alopecia is a characteristic symptom 
of hereditary syphilis. It is frequently observed at the time of birth 
and varies in degree. Complete loss of hair is seldom observed. As a 
rule, the process consists of a general thinning of the hair. The eye- 
brows may also be affected. The hair which remains is seraggly and 
appears dry. 

Onychia and Perionychia.—Affection of the nails is rather common 
in hereditary syphilis. Like in acquired syphilis, it 1s of different types. 
A single nail may be affected, but as a rule a number of them are in- 
volved or all of them may be affected. The nails become thickened, lose 
their color and become separated, or the’nail breaks easily. 

BONES AND JOINTs.—Bones.—Involvement of the bones is very com- 
mon in hereditary syphilis. The long bones, especially the tibia, and 
the bones of the head and nose, are most frequently involved. Syphilitic 
process usually shows itself as a periostitis or an ostitis, a gummatous 
Invasion, or osteomyelitis. The syphilitic process is usually productive 
rather than destructive in nature and usually appears after the fifth 
year. 

Periostitis is the most common lesion involving the bones in hereditary 
syphilis. Any of the skeleton bones may be involved, but the tibia is 
the most frequently affected. A tender, painful swelling occurs, which 
increases on motion. As a rule, thickening of the periosteum occurs, 
but necrosis may result. Necrosis is relatively rare, and deformity of 
the bone is more likely to occur. Gummatous invasion may lead to 
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bone necrosis with the formation of a sinus. Such invasion generally 
affects the tibia, but invasion of the bones of the hands and feet is 
not uncommon. Iyperplasia of the long bones may occur, and most fre- 
quently involves the tibia. The bone may increase to twice its normal 
size as the result of periosteal thickening. The disease runs a chronic 
course and may be free from pain, and deformity of the bone results. 
This deformity as a rule is permanent. Lengthening of the bones is 
occasionally observed. 

Syphilttic Dactylitis—This is an early sign of hereditary syphilis 
which is occasionally present. The fingers are more frequently in- 
volved than the toes, and as a rule, more than the fingers is involved. 
The proximal phalanx is the more frequently affected. Swelling is 
marked ; it may break down and discharge, and the color of the skin 
becomes purplish. The disease may affect the subcutaneous tissues or 
the tissues surround the bone. It may invade the bones or it may pri- 
marily affect the periosteum and extend to surrounding tissues. When 
the bone itself is involved, the condition is identical with osteomyelitis 
and may lead to much destruction of bone and joint tissue. 

Exrostoses.—Exostoses may occur on the cranial bones. They are 
oval in shape and elevated and most frequently located on the frontal 
and parietal bones. The lesions are usually symmetrical. The skull 
may appear of various types: (1) That of the rachitie skull, showing 
the characteristic softening in the squamous portion and along the 
sutures, similar to that observed in cranial tabes. (2) It may appear 
as an abnormal protuberance on the frontal and parietal bones. This 
usually occurs during the first months of life. (3) Periosteal swelling 
and rarefaction of the bone may occur in isolated areas; such a process 
is less common than that observed in other types of lesion. It shows 
itself as areas of caries, surrounded by walls of bone. UWydrocephalus 
may be caused by inflammation of the meninges and choroid plexus 
with or without obstruction of the aqueduct of Sylvius. The head be- 
comes much ‘enlarged in size, out of all proportion to the rest of the 
body. 

Joints—Hereditary syphilis of the joints is comparatively rare, since 
the majority of children affected with hereditary syphilis are stillborn 
or die within a short time after birth. However, syphilitic involvement 
resembling a simple synovitis may occur. It manifests itself as an 
effusion, which may be extensive and not be associated with cartilage 
destruction, or it may manifest itself as a synovitis which produces 
thickening of the synovial membrane. 

When joint involvement occurs, it usually manifests itself as a 
syphilitic esteochondritis. Osteochondritis affects the diaphyseal end 
of the epiphysis. It may inhibit bone formation by destruction of the 
cartilage cells, or bone development may be delayed. The long bones, 
such as the humerus, radius, ulna, tibia and femur, are the most com- 
monly affected, but other bones may be involved, such as the ribs, sternum 
and bones of the head and feet. Swelling becomes fairly pronounced 


and synovitis may result. Granulation tissue-formation may occur be- 
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tween the shaft and the epiphysis and produce separation. On sec- 
tion, the bone presents a yellow rugged line at the junction of the 
diaphysis and epiphysis. Arthritis, when present, may be either acute 
or subacute in type. Any of the joints may be involved, but the femur 
is the most frequently affected. Synovitis is the usual lesion and may 
make its appearance rapidly and be associated with much pain and ten- 
derness. As a rule, but one joint is affected and the process responds 
well to treatment. 

Liver.—The liver is almost always involved in a child afflicted with 
hereditary syphilis and it may be the only symptom of a syphilitic in- 
fection. The liver becomes considerably enlarged and is hard and pain- 
ful. The chief lesion is interstitial hepatitis, but gummatous hepatitis 
may also oceur. Occasionally jaundice may result from obstruction of 
the bile passages. Ascites may be present and the abdomen distended. 

SpPLEEN.—Splenie enlargement is one of the carliest symptoms of 
hereditary syphilis. Enlargement is usually most. marked in the late 
type, and especially following second dentition. Splenomegaly is usually 
associated with liver involvement. The pathological changes consist of 
an interstitial fibrosis, but gummata may be found. 

PANCREAS.—In severe infections, the pancreas is especially likely to 
be involved. There is an infiltration of plasma cells, a slight prolifera- 
tion of connective tissue, which appears edematous and replaces the 
parenchyma of the organ. 

THyMmus.—Occasionally, the thymus is involved in this type of syph- 
ilis. The affection shows itself as a number of abscesses which contain 
purulent material. According to Oliver, syphilitic disease of the thymus 
manifests itself primarily as a degeneration of lymphocytes and Has- 
sall’s bodies, with an hypertrophy of the reticular epithelium and hyper- 
regeneration of the concentric corpuscles. The abscesses known as Du 
Bois abscesses are very characteristic of syphilis. 

KIpDNEYS.—Inflammatory changes may occur in the kidney, leading 
to chronie nephritis, either parenchymatous or interstitial in type. 
Nephritis may be observed as early as 5 weeks after birth, but this is 
not common. Paroxysmal hemoglobinuria may occur, but it is a rela- 
tively late symptom and does not appear before the second year. 

TESTES.—Testicular involvement is not common in hereditary syph- 
ilis, Orchitis is the most frequent infection and usually involves the 
body of the gland rather than the epididymis, and is usually bilateral. 
Involvement of the testes may occur as early as a few wecks following 
birth. When it occurs at this time it is of great diagnostic value. 

RESPIRATORY SYSTEM.—Ilereditary syphilis of the Jung may be cir- 
cumscribed and be gummatous in type, or it may be profuse and con- 
stitute what is known as white pneumonia or interstitial pneumonia. For 
the most part, the two processes are combined. Interstitial pneumonia 
is most commonly found in the lungs of children who die a short time 
after birth or who are stillborn. The lungs appear white or only 
slightly reddened and are practically free from air. <A child afflicted 
with interstitial pneumonia lives but a short time. Unless a catarrhal 
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condition is present there is little or no involvement of the larynx and 
the epiglottis becomes affected. Stenosis of the trachea or bronche is 
rarely observed, and is due to cicatrization of a gummatous mass. The 
nasal passages are the most frequently affected part of the respiratory 
system. The mucosa is chronically inflamed and may be followed by 
ulceration; or the nasal bones and cartilages may become eroded, and 
necrosis may result. 

NERvoUS SysteM.—The symptoms produced by hereditary syphilis 
are very similar to those resulting from,the acquired form of the disease. 
The lesions may be multiple and may appear early in life, or they may 
make their appearance relatively late in life. When late, they may 
appear around the age of puberty, but not necessarily so early. The 
meninges or the brain itself may be involved. When the brain is af- 
fected, the cause is primarily vascular. Syphilitie meningitis may con- 
sist of a simple hyperplasia of the meninges or it may be of a gum- 
matous nature and the meninges be covered with miliary gummata. 
Like in the acquired type of the disease, the basilar area of the brain 
is the part most frequently affected by miliary gummata. 

LYMPH GLANDS.—Lymphatie enlargement in hereditary syphilis is 
similar to that observed in acquired syphilis. Swelling of the lymph 
nodes occurs, which is multiple, not inflammatory, free from pain, and 
distinctly palpable. Ulceration rarely occurs. 

Eyrs.—Interstitial keratitis is the most characteristic lesion affecting 
the eye in hereditary syphilis. It is most commonly observed between 
the ages of 6 and 20 years; it is rarely seen after 30 years of age, but 
may occur as early as 3 years. The affection usually begins in the center 
or at the margin of the cornea. The cornea becomes hazy as a result 
of the cellular infiltration of the corneal tissue itself. The haziness 
gradually becomes more diffuse. Ciliary congestion occurs and the pa- 
tient complains of irritability and photophobia. The opacity produced 
is not uniform, but spots occur which are whiter than others. Inter- 
stitial keratitis constitutes one of the symptoms of Hutchinson’s triad. 

Acute iritis of the plastic type is rare in early hereditary syphilis, 
but may occur as early as the second to the fifteenth month. It makes 
its appearance after the skin eruption and is very important. Unless 
the condition is observed and proper treatment administered, the vision 
may be impaired. The pupil is more or less irregular, the iris appears 
dull and discolored, and an area of congestion may be noticed. Optic 
neuritis, retinitis and choroiditis are the lesions frequently observed. 

Fars.—Hereditary syphilitic enlargement of the ear oceurs during 
the first three decades of life. Affections of the outer and inner ear 
generally occur during the first few days, months or years of life, 
while labyrinthine involvement generally occurs during the second de- 
cade. Bulle, macules and papules may occur on the auricle. The in- 
fection of the middle ear shows characteristics which differentiate it 
from ordinary otitis media. Syphilitic otitis media usually develops 
quite rapidly, in the first weeks or months after birth. It is painless, 
and the only symptom may be a purulent discharge. Unless treatment 
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is rapidly administered, the process becomes chronic and leads to ir- 
reparable changes, such as bone involvement, deafness and mastoiditis. 
Labyrinthine disease is usually bilateral and results in total deafness. 
Mutism is the result of such involvement in early life. If labyrinthine 
involvement occurs late in life, the patient complains of tinnitus. 

TEETH.—Changes produced in the first teeth may be due to other 
conditions than syphilis. Any pathological process which is sufficiently 
active to interfere with the development of the teeth may affect them 
in various ways. The enamel tissue may be wanting or imperfectly lo- 
cated on the teeth, or the mesodermal tissue may be involved and produce 
dentine, which is soft, easily eroded and subject to early delay. Sys- 
temic disturbances, diseases of the mouth and gums, as a result of 
gastro-intestinal disturbances, may produce changes in the permanent 
teeth. The teeth may be abnormal in shape, irregular in contour, rough, 
improperly placed, and appear unhealthy. If the syphilitic infection 
does not affect the teeth during their development, they will erupt and be 
normal in shape and structure. Since syphilitic stigmata are present 
at the time that the teeth are developing, they cause an interference in 
the process of calcification. 

The degree of dental involvement is directly dependent upon the 
presence of an actual syphilitic process at the time of dentinification. If 
infection is very severe at the time that dentition is beginning, the teeth 
will be more extensively involved than if dentition is advanced. Dental 
stigmata are therefore of value in determining, to a certain degree, the 
time when infection of the fetus occurred. Syphilitic hypoplasia of 
the first teeth is rare, since dentition occurs at the 17th or 18th week 
of intra-uterine life and infection of the fetus at this time usually re- 
sults in the death of the fetus. The teeth most commonly affected 
during the second dentition are the incisors, the first molars and the 
cuspid teeth. The first molars are undergoing dentinification during 
the last months of pregnancy, while the incisors and cuspids undergo 
dentinification about the third or fourth month after birth. Dentini- 
fication of the crowns of the incisor teeth is only partially complete 
for some months after birth, with the result that if syphilitic stigmata 
are present, about half of the crown is affected. Considerable dentinifi- 
cation is present in the first molars at about the fourth month, with 
the result that the crowns are less involved. As a rule, dental stig- 
mata are symmetrical and hypoplasia is noticed on the same group of 
teeth, and the teeth are involved to about the same extent. 

There are several stigmata which are especially characteristic of 
hereditary syphilis: 

Hutchinson’s Teeth—This type of tooth is characterized by crescen- 
tie indentification of the free edge of the tooth. The superior central 
incisors of second dentition are most commonly affected, but tke four 
inferior incisors or even the cuspid teeth may be involved. The teeth 
are broader at their neck than at their free edge (peg-shape tooth). The 
angles are rounded and the inferior and lateral borders more or less 
merge by a curved line. Convergence of the teeth is observed. 
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The typical Hutchinson’s tooth is very pathognomonic of syphilis. 
Its individuality is such that it can hardly be considered as the result 
of any other disease than hereditary syphilis. ‘The characteristics vary, 
however, with the age of the syphilitic infection. When the tooth first 
makes its appearance, the characteristic semilunar shape is absent. | 
Hypoplastic tissue fills the areas, which is later replaced by the crescent. 
This hypoplastic tissue is free from enamel, is friable, breaks easily, 
and soon gives rise to the characteristic crescent shape. The tooth is 
also beveled from before backward and downward. Later, in the young 
and adolescent, the surface of the tooth changes, and by the 25th year 
the characteristic stigmata are almost entirely absent. The semilunar 
outline has disappeared but the beveling persists until about the 30th 
year, when the tooth is shorter and has lost the characteristics of the 
Hutchinson’s tooth. 

Other Types of Hypoplasia Affecting the Incisors—(a) Flattened 
Surfaces.——The free surfaces of the teeth become flattened and appear 
abnormal in color, varying from yellow or gray to almost a black shade. 
The surface is irregular, rough and furrowed. 

(b) Saw Tooth.—The surface is irregular, rugged, and presents the 
appearance of furrows produced with a file. 

Hypoplasia of the Fourth Permanent First Molar Teeth.—The shape 
of the tooth is markedly changed. In early life, about three-fourths 
of the free surface is hypoplastic. The hypoplastic portion of the tooth 
is diminished in size, eroded, and marked off from the rest of the teeth 
by circular constriction. The tooth presents the appearance of a stump. 
It is rough, pointed, fissured, and is of a brownish or black color. 

The presence of such teeth is of great diagnostic value in the diag- 
nosis of syphilis. 

Delayed Dentition and Microdentism.—These conditions are stigmata 
of hereditary syphilis. As a rule, delayed dentition relates to all the 
teeth, but certain groups, such as the incisors, may alone be affected. 
The condition may affect the permanent teeth as well as the deciduous 
teeth. Microdentism is rare, and usually affects the superior and inferior 
lateral incisors. 

Persistence of Deciduous Teeth—Failure of the permanent teeth to 
replace the first teeth may occur. Such a condition is suggestive cf 
hereditary syphilis. The deciduous teeth may persist, as the result of 
failure of the permanent teeth to develop and thus replace the latter. 

Amorphism.—This condition is not at all infrequent in hereditary 
svphilis. The teeth may be of various abnormal types or they may vary 
slightly from the normal. They are very vulnerable and caries develop 
rapidly. The teeth may be improperly placed or some of them may be 
entirely absent. The superior central incisors may be small and very 
narrow at their free surface. The surface is rounded and the convex 
surface extends upward. There is a convergence of the teeth. The 
presence of such teeth is indicative of hereditary syphilis. 

Diagnosis of Early Hereditary Syphilis—The diagnosis of hered- 
itary syphilis depends, to a considerable degree, upon the history of 
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the parents. It is necessary to ascertain from the parents whether 
either one or both has ever been infected and how much time has elapsed 
since the infection. If the infection is relatively recent, in relation to 
conception, the transmission to the fetus is much more likely. The his- 
tory should include a record of any abortions or miscarriages on the 
part of the mother. This is especially important if they have been 
frequent or if any children have died a short time after birth. The 
syphilitic fetus is frequently born prematurely. History of premature 
births is of diagnostic value. The condition of the premature child at 
the time of birth should be noted, as regards its development, the con- 
dition of the skin and mucous membrane, or any other condition which 
may be suggestive of syphilis. Symptoms may be entirely absent at 
birth, but present themselves within a few weeks. Coryza, commonly 
known as ‘‘snuffles,’’ hoarseness, cutaneous lesions, splenic or hepatic 
enlargement, malnutrition, pseudo-paralysis or simple inflammation at 
the diaphyseal-epiphyseal junction of the bones are the symptoms com- 
monly looked for. 

The diagnosis postmortem of hereditary syphilis in a stillborn child, 
or one who dies soon after birth, is made bv a careful examination 
of the epiphyseal lines for osteochondritis, while pneumonia, splenic or 
hepatic enlargement, characteristic lesions of the skin or the mucous 
membranes—such as macules, papules or pustules, or syphilitic pemphi- 
gus—are of great value in making a diagnosis of hereditary syphilis. 

Diagnosis of Late Hereditary Syphilis.—The diagnosis of late hered- 
itary syphilis depends upon the history of the parents and the history 
of former births, but there are more symptoms present at this time 
which are indicative of syphilis. The physical condition of the child 
is generally poor. He is poorly developed, feeble, and presents a senile 
appearance. His hair is dry, thinned, and the fingernails are brittle. 
The parietal and temporal bones may be specially prominent and the 
nose may be sunken, as a result of involvement of the bones and ear- 
tilages. Deformities and involvement of the long bones may be ob- 
served. Periosteal nodes may be present and scattered over the long 
bones or on the cranium. The presence of scars resembling purse strings 
about the mouth are highly suggestive of hereditary syphilis. 

Hutchinson’s triad is of great diagnostic value. It consists of the 
presence of characteristically deformed teeth, Hutchinson’s tooth, in- 
terstitial keratitis and sudden deafness, which appears without subjec- 
tive symptoms. These findings, taken in conjunction with the mental 
condition of the patient, the history of retarded growth, alopecia or 
paralysis, are sufficient evidence for making a diagnosis of syphilis. 
However, the presence of a positive Wassermann reaction definitely set- 
tles the diagnosis. Craig reports 82.2 per cent. positive Wassermann 
reactions in 22 cases, while Noguchi reports 100 per cent. positive and 
Vedder 96 per cent. positive Wassermann tests in congenital syphilis. 

Treatment of Hereditary Syphilis—The prophylactic treatment of 
congenital syphilis has been thoroughly discussed in the Treatment of 
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Syphilis during Pregnancy (p. 413), so it may well be passed over in 
these paragraphs. 

In treating congenital syphilis, as in treating the acquired type of 
the disease, the lesions should be cleared up as soon as possible; and 
to this end the same drugs should be employed as are used in the treat- 
ment of acquired syphilis, namely, the salts of mercury, the arsenic 
compounds and the iodids. The chief difference in treating the two 
types of the disease consists in the size of the dose administered and 
probably also in the method of administering the drugs. The admin- 
istration of the various drugs for the cure is, however, insufficient unless 
the general condition of the child is looked after. As a rule, hereditary 
syphilis is manifested by symptoms quite early—within the first month 
or so. We well know that during this period the nourishment of the 
child is the big factor to be considered, even in a healthy child, and in 
congenital syphilis it is a still more important feature. 

The child should, above all, be nursed at the breast. If, however, 
there are contra-indications to nursing, or the mother is unable to nurse 
the child for any reason, it is very essential to secure a wetnurse. This 
nurse should be syphilitic herself; if the latter is not syphilitic, the 
milk must be removed from her breasts mechanically and fed to the 
child by bottle. Ernst Welde, of Berlin Charité Hospital, observed 
that with treatment, 42 per cent. of the artificially fed infants died, 
while the mortality of those who had proper treatment, and in addi- 
tion were breast-fed, was less than half of that (20 per cent.). 

When the mother has been intensively treated during her pregnancy 
there is a chance of obtaining a normal child. While the prognosis of 
congenital syphilis is none too favorable, the outlook is not nearly as 
gloomy, at that, as some would lead us to believe. Finkelstein states 
that the unfavorable opinion generally held with regard to the fate of 
congenitally syphilitic infants and children is in no way confirmed 
by statistics or observation. Although the children may not be ex- 
traordinary, yet they may grow up and be quite robust. He states, 
moreover, that the number of weaklings and anemies is no greater than 
among a similar group of children free from syphilitic ancestry. 

The time at which the mother contracted the infection influences the 
infection of the fetus, and Bertha Sabin, after some study of the ques- 
tion, decided that where the mother has syphilis at the time of con- 
ception or before the fifth month of pregnancy the child is nearly always 
syphilitic. 

Wechselmann administers the neosalvarsan into the region just 
above the gluteal fascia, and with very good results. The needle is in- 
serted and moved in a pendulum manner back and forth. If it is just 
over the fascia, a scratching, grating sensation is either felt or heard 
as the point of the needle scrapes over the fascia. Then the needle is 
rotated along its long axis, in order to be sure that it is quite free and 
not entangled. Next, 1 cc. of sterile salt solution is injected in a 
syringe, and the barrel of the syringe removed. If the needle is next 
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to the fascia, the water will regurgitate through the needle. The neo- 
salvarsan is then injected. 

As to the dose of neosalvarsan which is to be used, there is no fixed 
rule; it varies with the age and weight of the child. Lesser, of San 
Francisco, Cal., believes that 0.015 gram to every kilo of weight (2%, 
Ibs.) is a safe average for the initial dose. The dose of salvarsan is 
somewhat less, about .01 gram per kilo. The dose is gradually increased 
to .20 or .30 gram per injection. 

Mercury produces very good results when used in conjunction with 
the neosalvarsan. It is usually used by the inunction method or by 
ingestion. When used by inunction, it should be rubbed in very lightly, 
since the child’s skin is very easily irritated. Since the skin on the bot- 
tom of the feet is thicker, it may be rubbed on the soles of the feet, 
or the ointment may be applied to the belly-band and thus allowed 
to absorb. Dose: 1 gram per 10 kilos of body weight. 

Mercurial baths at one time were much used, but to-day their use 
is not much in vogue, as the danger of dermatitis is great and the exact 
amount absorbed is uncertain. For very small children, from 5 to 10 
grains of bichlorid, with an equal amount of ammonium chlorid, is 
added to about 5 gallons of water and the child bathed for 10 to 15 min- 
utes. This bath should be administered every day or every other day. 

When administered by ingestion, the gray powder, consisting of 
mercury and chalk (14 to 14 grain), or calomel (1/20 to 1/10 grain) 
three times daily, are the drugs most commonly used. The administra- 
tion of the drugs in this way has the drawback of irritating the stomach 
at times and leading to gastro-intestinal symptoms. Mercury may also 
be administered by injection, and this is the method often prescribed in 
treating nurslings, since their skin is usually so very delicate. However, 
inunction and injection may be alternated. 

Rectal administration is ideal for these babies, as a suppository can 
be slipped into the rectum with little trouble. Its therapeutic effects 
administered in this way are excellent and the local irritation is nominal. 

Iodids are also of value, since they aid the elimination and absorp- 
tion of the toxic material. The iodids are usually administered in the 
form of a saturated solution. An initial dose of 2 to 3 grains is ad- 
vised and the dose rapidly increased to 5 or 10 grains three times daily. 

Sylvester reports a comparative study of cases of congenital syph- 
ilis, some of which were treated by mercury alone and some of which 
were treated with mercury in conjunction with neosalvarsan. Of the 
early type treated at the Children’s Hospital of Boston, mostly under 
six years, 18 presented clinical evidence of early syphilis with posi- 
tive Wassermann reactions, but did not seem acutely sick. These re. 
ceived mercury alone; none died; all did fairly well, and were clin- 
ically free from signs of syphilis in from 2 to 6 months, but only 2 had 
negative Wassermann reactions. These cases were treated over a period 
of one and one-half years. Of the other cases under observation, 9 
were treated with ‘‘606’’ and mercury. The effects were rapid: 7 
treated for nearly two years have had 2 negative Wassermann tests 
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three months apart. Moreover, in treating 16 cases of very sick infants 
with salvarsan and mercury, only 4 died, 2 did not return to the hos- 
pital, and 2 developed bronchopneumonia. Of 20 consecutive cases ad- 
mitted to the hospital before the advent of arsenic, 16 died, 1 is living, 
and 3 cannot be found. We see from these statistics that the combined 
arsenic and mercurial therapy produces the best results and also that 
intensive treatment is necessary before a negative Wassermann reac- 
tion may be obtained, which is the best indication to a cure. 

The hope of effecting a cure in a nursing child by the antisyphilitic 
treatment of the mother needs little more than comment. Numerous 
experiments have been performed to establish the presence of the drugs 
in the milk, but with little or no results. It would therefore seem that 
the benefit which the child sometimes derives is due to the passage of 
antitoxins from the mother to the child in the substance of the milk 
(Dukot). 

In treating congenital syphilis it is of extreme importance to con- 
sider the host primarily and the spirochete secondarily. All the rules 
laid down for the protection of the host from large amounts of toxic 
dead spirochetic material should be carefully observed in treating syph- 
ilitie babies. 


DISTRIBUTION AND HISTORICAL SUMMARY 


The time at which syphilis first made its appearance has been a 
much debated question for a number of years. There are those who 
consider it pre-Columbian in origin, insofar as its appearance in the 
Old World was concerned. The occidental and oriental literatures con- 
tain much evidence of the existence of venereal disease at very early 
times, but there is not a single document which describes a disease 
in such a manner that it can be identified as a syphilitic infection. 

Appearance of Syphilis in Burope.—It was toward the end of the 
fifteenth century that syphilis first made its appearance in the Old 
World. It appeared as a great epidemic which spread rapidly and 
affected people of all races and classes. 

In 1494, Charles VIII, of France, invaded Italy for the purpose of 
conquering Naples, with an army composed largely of mercenaries, gath- 
‘ered from all parts of Western Europe. Because of the weakness of 
the Italian State, Charles was successful in his enterprise and took 
Naples with little difficulty. However, he was soon forced to relinquish 
his conquest because his army had become greatly weakened, as the re- 
sult of a venereal disease which was affecting his troops. The epidemic 
spread very rapidly and pursued a very malignant course, such as 
disease pursues when it first makes its appearance in a virgin country 
where the people as yet have developed no trace of immunity toward it. 

By 1495, it had already penetrated the most northern part of the 
Alpine peninsula and extended to the borders of France, Switzerland 
and Germany. Such a disease was never before known in Italy and, 
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as a result, it was considered that it was introduced from some other 
country. The Italians considered that the French soldiers were respon- 
sible for its introduction and called it ‘‘the French disease,’’ while 
the French believed that the soldiers contracted it in Italy, and named 
it ‘‘the Italian disease.’’? Whenever the affliction made its appearance 
in another country, the disease was named after the people from whom 
the infection was supposed to have been obtained. The English and 
Turks called it ‘‘the French disease’’; the Russians called it ‘‘the Polish 
disease’’; the Hindoos and Japanese called it ‘‘the Portuguese dis- 
ease.’’ The Spaniards considered it as having been introduced from 
the New World, and called it ‘‘the disease of the Espanola Isle,’’ known 
by the Indians as Haiti. 

Soon after the disease spread to the various countries, laws were 
enacted to prevent the further spread of so severe a plague. The af- 
flicted person ran a high fever, had severe bone aches and headaches, 
skin eruptions, and suffered with great prostration. By 1495, syphilis 
was prevalent in France, Switzerland and Germany; by 1497 it had 
reached England and Scotland, and by 1499 Russia and Hungary were 
invaded. The Parisian Parliament ordered all persons afflicted with 
the disease to leave the city within twenty-four hours; the Council 
of Aberdeen, Scotland, ordered all prostitutes to desist from their vice 
and work for a living. Failure to obey caused them to be branded on 
the cheek with a hot iron and banished from the town. The English 
Privy Council later passed an edict ordering all afflicted persons to be 
banished to the Island of Inchkeith, near Leith. 

Appearance of Syphilis in the Orient.—Later, the disease made its 
appearance in the Orient. The researches of Okamaura and Sasuki for 
Japan and China, and Jolly and others for India, showed that syphilis 
did not exist in these countries until it was introduced from Europe. 
It made its appearance in Nagasaki, Japan, as early as 1569, after a visit 
of Europeans. 

Origin of Syphilis in America.—The severity of the epidemic in the 
Old World would indicate that such a disease was new to that country 
and that it did not exist as a less malignant type up to that time. Since 
the most recent communication with the outside world was with the 
West Indies, it was only natural to suppose that the disease was in- 
troduced from that locality. Syphilis was considered as a disease new 
to Europe and the Orient; it had no name, and its spread was directly 
related to the invasion of Italy by Charles VIII and the scattering of 
his army following the invasion. The European and oriental bones 
of pre-Columbian times have been carefully and extensively studied to 
detect any syphilitic changes which might be present. The finding of 
syphilitic changes in the bones would furnish conclusive evidence of 
the existence of the disease before the appearance of the epidemic. 
Numerous collections of pre-Columbian bones were carefully studied by 
Virchow, the eminent anthropologist and pathologist, but in no case was 
he able to find lesions which indicated syphilis. The study of the bones 
collected from various parts of North America, Central America and 
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South America revealed the presence of syphilitic lesions, but it is diffi- 
cult to definitely determine whether these bones which were studied 
are truly pre-Columbian, since there is no particular difference in the 
graves of the two periods. The same methods of burial and the forms 
of graves survived for centuries after the discovery of America. The 
writings of various men furnish the best evidence indicating the ex- 
istence of syphilis in America before the arrival of Columbus. 

Historical Summary.—In 1895, Seler called attention to the work of 
Montejoy Rabledo, a Spanish Army Surgeon, who had carefully in- 
vestigated the origin of syphilis. His information was obtained almost 
exclusively from Spanish authors and his work was carefully and criti- 
cally done. Ifis findings were reported at the Fourth Meeting of the 
Congresso Internacional de Americanistas, held at Madrid, in 1882. 
Montejo reviewed the work of Diaz de Isla, Olviedo, Las Casas and 
other writers, but the work of Diaz de Isla is the most important evi- 
dence supporting the recent origin of syphilis of the Old World. 

Diaz de Isla was a physician of some note, who himself witnessed 
the invasion of the disease. He was a surgeon at the Hospital of All 
Saints in Lisbon for ten years and had a large experience in syphilis. 
In a book written by him, and published between 1510 and 1520, he gives 
an account of his experience with the disease. He states that syphilis 
was unknown in Europe before 1493 and that, as far as Europe was 
concerned, it had not made its appearance until Columbus’s crew 
brought it to them from the Isle of Espanola. He also states that the 
majority of Columbus’s crew returned to Spain infected with the dis- 
ease, which they had acquired in Haiti, and that he himself treated 
several of the syphilitie sailors, including the pilot, Pinzon de Palos, 
and that after the arrival of Columbus in Barcelona in 1493, syphilis 
spread among the inhabitants. Moreover, he states that at the time 
of Columbus’s arrival in the West Indies, the Indians already pos- 
sessed a highly complicated, rationally developed and deduced method 
of cure for the ailment, consisting chiefly of guaiacum and other vege- 
table beverages in conjunction with hydrotherapeutics, dietetics and 
climatic methods of treatment. His statements are confirmed by Olviedo, 
and Las Casas, both of whom visited America a few years following 
the discovery of America. Olviedo states the disease was contracted 
by the soldiers from the Indian women and spread by them on their 
return to Spain. In a report to Emperor Charles V, he states that 
it is certain syphilis originated in the West Indies, but was of a milder 
type than in Europe. Las Casas confirms the existence of syphilis in 
the New World at the time of discovery and maintains it is certain 
that the disease was either carried to Spain by the Indians who ac- 
companied Columbus, and whom he himself saw at Seville, or by the 
Spaniards who became infected while in the West Indies. 

Up to the time of Ricord, in the early part of the nineteenth cen- 
tury, the three venereal diseases—syphilis, chancroid and gonorrhea— 
were not clearly differentiated and were thought to be fundamentally 
the same disease. Ricord, moreover, recognized three stages: The 
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primary stage began with the chancre, was auto-inoculable, and the in- 
duration of which expressed the passage of the poison into the tissues. 
The second stage—the syphilis—he considered non-contagious but trans- 
missible to the offspring. The third stage, with involvement of the 
bones and viscera, he considered non-transmissible. It was not until 
1859, when the contagiousness of secondary syphilis was established, and 
particularly within recent years, that tertiary lesions have been shown 
to be contagious. 

Ricord, by performing 2,500 inoculations, proved that gonorrheal 
secretions would not produce syphilis, thus disproving John IIunter’s 
conclusion that secretion from a case of gonorrhea was capable of pro- 
ducing both the chancroid and syphilis, and that the virus of the three 
diseases was therefore identical. 

Hereditary syphilis was first scientifically recognized when the ex- 
istence of delayed syphilis was proved by Stoll, Plenck and Rosen von 
Rosenstein. 

In 1903, Metehnikoff and Roux successfully inoculated monkeys with 
syphilitic virus, and in 1905 Schaudinn discovered the Treponema pal- 
lidum as the specific organism. 


SOCIOLOGICAL ASPECTS OF THE DISEASE 


Syphilis and Marriage.—The relation which syphilis bears to mar- 
riage is very important and merits considerable attention, under the 
following heads: 


(1) Syphilis acquired before marriage: (a) husband, (0) wife. 
(2) Syphilis acquired after marriage: (a) husband, (b) wife. 


1. SYPHILIS ACQUIRED BEFORE MARRIAGE.—The questions which pre- 
sent themselves for solution are: Is the danger of infectiousness past 
in both these groups? Is the danger of transmission to offspring past ? 
Are there any sequele present that would render the individual sterile 
or impotent? 

There are several factors which determine the prognosis of syphilis 
as regards marriage. They have been quite well formulated by Fournier, 
who says that marriage may be contracted: 


1. If all active lesions are absent, such as the primary sore, 
mucous patches or roseola. 

2. If the disease is in an advanced stage. It is well known 
that syphilis is not very readily contracted after it has run a 
course covering several years and all the infectious lesions have 
healed. 

_ 3. If a period of immunity has been present after the last 
signs of the disease have disappeared. 

4. If the quality of the disease has not been severe. A patient 
whose case runs a very severe course should not be allowed to marry 
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unless the progress of the disease has been definitely checked and 
a cure obtained. ; 

5. If prolonged treatment has been employed, this treatment 
having been intensive and sufficient. 


All of these conditions must be satisfied before the patient is al- 
lowed to marry; if any one of them is not satisfied marriage should 
not be allowed. Fournier later became an extremist and instead of 
allowing marriage at the end of 5 years, he required that the patient 
be free of symptoms for 6 or 7 years. Authorities are quite generally 
agreed, however, that. from 3 to 0 years is a sufficient period of time to 
elapse, after which time the patient may be allowed to marry. 

Keyes says that the marriage of a syphilitic is often safe and some- 
times justifiable at the end of 3 years, but that it is more prudent to 
permit marriage only after 5 years, during the last 2 of which the 
patient has been free from symptoms and without treatment. Gougerot, 
who is one of the latest writers on the subject, says marriage is per- 
missible in the male 4 years after the infection, provided the patient 
has been free from symptoms for some time. [le requires 8 years for 
the female. Lesser also believed in a longer period of observation in 
the female, since he realized the possibility of the Treponemata pallida 
remaining in the ova for a longer time than in the seminal fiuid, his 
explanation of the fact being that the ova formed in the average 
at an early period of life, while the seminal fluid was produced as needed. 

Gougerot, moreover, requires a negative seroreaction and insists 
that the patient be free from any nervous lesions. He also performs 
lumbar puncture and states that the spinal fluid should be negative. 
Fournier in a selection of 84 cases showed that 74 cases of nervous in- 
volvement occurred after benign syphilis. This shows the necessity for 
early, intensive treatment and discretion on the part of the physician 
when he makes the prognosis as to marriage. He must not lose sight of 
the fact that the general physical condition is almost as important as a 
negative Wassermann. A double syphilitic orchitis may be a contra-indi- 
cation to marriage, because of sterility produced by it. If any question 
exists as to this, a specimen of semen should be obtained and examined 
first as to the presence of spermatozoa and, second, as to their vital 
strength and probable ability to fecundate. 

The following are the author’s present rules as a basis for advice 
to a syphilitic about to marry: 


1. At least three years must have elapsed since the acquire- 
ment of the infection in a man and five in a woman. 

2. They must have had two years, at least, of treatment: mer- 
ecury or salvarsan. 

3. They must have been free from all infectious lesions for at 
least one year; better, two. 

4, Blood-serum should be negative. 

Do. Spinal fluid should be negative, but this is not absolute, as 
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we know that many individuals with positive spinal fluids beget 
healthy children and do not infect their marriage partners. 

6. The longer the interval after the infection, the better the 
chance of healthy offspring. 

7. When the wife becomes pregnant, she should be treated as 
outlined under Syphilis and Pregnancy (p. 413). 

8. The prognosis when the wife is syphilitic is less favorable 
than when the husband is infected. When both are infected, the 
prognosis is very bad and a long time must be allowed to elapse 
—eight to ten years. 


2. Sypumis ACQUIRED AFTER MarriacGe.—When syphilis has been 
acquired after marriage, the danger of infecting the marriage partner 
is very great. As soon as the infection is discovered, intensive treat- 
ment should be begun. The parties are to refrain from all intimacies 
until the infectiousness of the affected person is past. Impregnation 
should be prevented until cure is obtained and the birth of a healthy 
child quite certain. The relation of syphilis to pregnancy has been 
discussed in other paragraphs. Suffice it to say that treatment should 
be administered during the pregnancy to avoid any recurrence of the 
disease. 

Exceptions for social causes and marriages of convenience are per- 
missible in the fourth and fifth year, and particularly when both 
parties are infected. 
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History of Gonorrhea.—Gonorrhea, a Latin word of Greek origin, 
is first found mentioned in the writings of Aretaios of Cappadocia, a 
Greek physician who lived in the first or second century. There are 
several references in the earlier literature which justify the belief that 
the disease was prevalent long before this period. It probably existed 
among the early Egyptians because in the Papyrus Ebers, the oldest 
medical Egyptian record, are found prescriptions to be used as injec- 
tions for venereal affections. There is also a very accurate description 
of gonorrhea in a Japanese manuscript of 900 B.C. That the Jews did 
not escape is proven by verses in the fifteenth chapter of Leviticus. 

By the end of the sixth century, some conception of the inflammatory 
nature of urethral disease had evidently been developed, because men- 
tion is made of pyuria, hematuria and dysuria. Paul of ASgina 
speaks of urethral suppuration and bleeding without admixture of 
urine. 

It was not until 1000 A.D. that any attempt to explain the etiology 
of the disease was made. Maimon, a Jewish physician at Cairo (1139- 
1204), includes lasciviousness and licentiousness among the various 
causes. Guillaume de Salicet, in the thirteenth century, attributed the 
disease to impurities retained under the prepuce after connection with an 
unclean woman. He was the first to suggest prophylactic washing. 
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In the fifteenth century we find the history of gonorrhea merging 
with that of syphilis. In 1530 Paracelsus taught that gonorrhea was 
an initial symptom of syphilis. This misconception held sway until 
overthrown by the excellent work of Ricord, begun in 1831 and con- 
tinued until 1860. 

The personal experiment of John Hunter, in 1767, still further 
strengthened this erroneous belief. He unfortunately contracted both 
syphilis and gonorrhea from an inoculation of impure gonorrheal pus. 
His prominence in the medical world caused his teachings to be widely 
accepted and it was not until the middle of the eighteenth century that 
Ricord succeeded in convincing the medical profession of the duality 
of gonorrhea and syphilis. 

Prevalence of Gonorrhea.—In civil life, sexual promiscuity and 
prostitution make the disease endemic. Because of the nature of the 
disease, it is impossible to obtain accurate statistics. It is highly probable 
that every male who indulges in promiscuous intercourse sooner or later 
acquires a gonorrhea. According to Morrow, 60 per cent. of the adult 
male population of the United States have gonorrhea. Forchheimer 
places the figure at 51 per cent. Among women gonorrhea is less com- 
mon than among men. Statistics show the proportion of men to women 
as 16 to 1. 

In 1901, there were reported 162,372 patients suffering from venereal 

disease in New York City; of these 90 per cent. had gonorrhea. During 
the year 1907, more than 12 per cent. of the men in the U. 8. Army 
had gonorrhea. In the Philippines the percentage was higher, 18.71 
per cent. The duration of the disease varied from twenty-three to fifty 
days. 
Duration of Gonorrhea.—Experience has shown that the duration 
of the disease varies within wide limits, depending upon its extent, 
complications, and the habits and general condition of the patient. 
It has been stated that in acute anterior urethritis the average re- 
covery takes place in five to six weeks. Yet we constantly see cases 
of acute anterior urethritis complicated by a persistent folliculitis or 
periurethral abscess which may last from eighteen months to two years. 
As Ricord states, ‘‘We know when gonorrhea begins, but God alone 
knows when it will end.’’ When the gonococcus invades the posterior 
urethra and prostate the infection may persist for even three years or 
more. In general, it may be stated that the gonococci usually disappear 
from the urethra in six months, and rarely persist for more than two 
years. It is exceptional for gonococci to be present after two or three 
years, although cases have been reported in which they were demon- 
strated after longer periods. 

In women, it is much more difficult to form any opinion. Many 
competent observers are unwilling to set any limit to its infectiousness. 
Many women, like men, may recover in a few months. In others, the 
duration is much more indefinite and the disease much more rebellious 
to treatment. Cases of vulvovaginitis in children have been known to 
persist for years. 
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Etiology.—In the adult the disease is in practically all cases acquired 
by coitus. The gonococcus is implanted from an infected cervix or 
urethra into the urethra of the male, reaching, in all probability, the 
fossa’ navicularis to which for a time its location is limited. The epi- 
thelium of the fossa navicularis is of the squamous type and resistant 
to the gonococeus. The organism probably lives in the secretions of the 
canal and at this stage is therefore easily destroyed or removed by 
suitable prophylactic treatment. 

Extravenereal infection in adults is extremely rare. Cases have, how- 
ever, been reported in which infection was transmitted by infected 
towels, lavatory seats and urethral instruments. 

The gonococcus may be inoculated in the eye, urethra and the female 
genital passages. The rectal mucosa is more resistant. All squamous 
epithelium offers marked resistance. The mouth and nose are prac- 
tically immune except in young children. The preputial cavity, the 
vagina of the female, and the urinary bladder are rarely and only mildly 
involved in gonorrhea. 

That children and infants are very susceptible to gonorrhea is 
evidenced by the frequency of vulvovaginitis and gonorrheal con- 
junctivitis. Nasal and buccal gonorrhea occur almost exclusively in 
children. 

Bacteriology of Gonorrhea.—Neisser, in 1879, made the first suc- 
cessful attempt to find the causative organism of gonorrhea. He was 
the first to describe the microscopic appearance of the gonococeus as 
geen in urethral and conjunctival pus. Other observers confirmed his 
findings, but all attempts to grow the organism in artificial media failed 
until Bumm, in 1885, successfully used solidified serum derived from 
the human placenta. The separation of the gonococecus in pure culture 
enabled experimental inoculation to be undertaken in the human sub- 
ject, and the successful issue of these operations demonstrated the direct 
causal relationship of the gonococcus to the disease. 

MicroscopicAL APPEARANCE OF GoNnococcus.—The gonococcus Is a 
diplococcus. In shape it is planoconvex or bean-shaped and the pairs 
lie with their concave or plane surfaces opposing. They have no cap- 
sule, form no spores and are non-mobile. 

They vary considerably in size. In purulent secretions they are found 
both within and outside of the pus and epithelial cells. The most char- 
acteristic groups are met with inside the cells. There is no definite 
clinical relationship between the extracellular or intracellular position 
of the gonococci and the severity or stage of the inflammation, in a 
given case. In every specimen, gonococci are found both within and 
outside of the cells and in no definite proportion. 

STAINING OF THE Gonococcus.—The gonococcus readily stains with 
any of the basic anilin dyes, e.g., methylene blue, fuchsin, gentian violet, 
ete. It is easily decolorized with alcohol, acids, xylol and other reagents. 
Thus in staining by the Gram process the gonococci lose their violet 
eolor and take up a counterstain. They are, therefore, Gram negative. 
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Many special methods of staining these cocci are described, but the 
Gram method is by far the most important as it differentiates the gono- 
eoeccus from all Gram-positive organisms. When the Gram stain 18 
applied, a thorough washing with alcohol leaves the gonococci colorless, 
while pseudo-gonococci stand out in bold relief, stained darkly by the 
combined color of gentian violet and the Gram solution. In order to 
demonstrate more clearly the effect of the Gram stain, a contrasting 
counterstain (fuchsin, ete.) is employed in order that the gonococcl 
may be visible by direct comparison with other organisms. 

In following up the effect of treatment it is not necessary to use 
the Gram method of staining. A 2 per cent. aqueous solution of 
methylene blue makes a very efficient and rapid stain. 

Preparation of the Specimen—To prepare the smear in a suspected 
case of gonococcal infection in the male, cleanse the external parts. 
Transfer some of the discharge in the meatus with a platinum loop to 
a glass slide. If there is extreme tenderness of the urethra, a drop 
of secretion may be expressed from the canal and transferred to the 
slide by direct contact. 

In the female the material should be taken from the urethra and 
cervix. In chronic and doubtful cases, attempts should be made to 
obtain the secretions from Skene’s and RBartholin’s glands. After 
cleansing the parts with sterile water, the urethral discharge is obtained 
as in the male. Frequently if no secretion is visible a drop may b¢ 
expressed by inserting a finger in the vagina and firmly stroking the 
urethra from above, downward and forward. The cervix is then exposed 
with a speculum, and the external os wiped dry with cotton. <A platinum 
loop is inserted into the cervical canal and the secretion placed on a 
glass slide. 

The pus is spread on the slide in a thin film. Each slide is then dried 
by evaporation at a gentle heat and fixed by rapidly passing it three 
or four times through a spirit lamp or Bunsen burner flame. 

Methods of Staining—(1) Methylene Blue: The specimen is cov- 
ered with a saturated solution of methylene blue for ten seconds, washed 
im running water, dried and examined with an oil immersion lens. 

(2) Gram’s Method: The solutions employed are: 


A. Anilin-water gentian-violet. This consists of 


ATI Ol: Jodnt ls oo Read os Base ea ewes 3 2.e. 
Absolute aleohol ...............cccceceecee 7 @.e. 
Distilled water ............. cc ccc cece ee eece 90 @.e. 


Shake for two minutes. Filter until clear. Add two grams of 
Gribler’s powdered gentian-violet. Set aside for twenty-four hours. 
Pipette supernatant fiuid as required. This solution keeps well for 
6 to 8 weeks. It takes time to prepare it, however, and it is quite unstable. 
The more stable carbolic-water solution of gentian-violet is recommended, 
consisting of: 
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Saturated alcoholic solution of gentian-violet. 1 part 
Five per cent. solution of carbolic acid....10 parts 
B. Gram solution. 


LOGIN’ 22554464 s5es2e08e (istveeicaecceen. —b part 
Potassium i0did .........cccescencceces 2 parts 
Distilled Water ccasverewtuscusesiaweweds 300 parts 


C. Absolute alcohol. 
D. Contrast stain. 


Carboli¢:a¢id ssw tended sdexeseneeuetenue 2 parts 
Saturated aqueous solution of Bismarck brown 98 parts 
or 
Carbolfuchsin (Ziehl-Neelsen) ............ 1 part 
WAteP. ddacdat. tS Gude weds onde ewseee's 20 parts 


Technic of Staining —(1) Stain with anilin-water gentian-violet or 
earbol-gentian-violet for three minutes. Shake off excess of stain. 

(2) Cover with Gram’s iodin solution for two minutes. 

(3) Decolorize with absolute alcohol for thirty seconds. 

(4) Allow to dry. 

(5) Counterstain with Bismarck brown or carbolfuchsin solution 
for three to five minutes. 

Value and Limitations of Staining Methods.—For ordinary clinical 
work, the Gram method of staining is employed to distinguish the 
gonococcus from the staphylococci and other Gram-positive cocci. There 
are three sources of error, viz.: 

(1) There are other Gram-negative cocci from which the gonococcus 
ean be distinguished only by culture, such as the Micrococcus catarrhalis, 
Diplococccus intracellularis and certain chromogenic cocci. None of 
these organisms except the Micrococcus catarrhalis have been identified 
in the genito-urinary tract and none of them except the Micrococcus 
catarrhalis is believed to cause urethritis. The urethritis caused by the 
Micrococcus catarrhalis is rare and could not clinically be mistaken for 
acute gonorrhea. 

(2) In a small percentage of cases in the normal urethra and also 
in the normal vagina, Gram-negative cocci are found. They can usually 
be differentiated from the gonococcus by their form, size and extra- 
cellular position. 

(3) The fact that staphylococci may be Gram-negative as well as 
Gram-positive is a frequent cause of error. 

These confusing factors apply almost exclusively to chronic ure- 
thritis. For all practical purposes, in cases of acute urethritis the 
presence of Gram-negative coffee-bean-shaped, intracellular diplococei 
is diagnostic of gonorrheal infection, when supplemented by the usual 
clinical evidence. 

The methylene blue stain has no differential value. It is useful only 
because it is a quick method for studying the effects of treatment 
in a given case in which the diagnosis has previously been made by the 
Gram method. Neither the Gram nor methylene blue stain should be 
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relied upon to verify a cure of gonorrhea. In order to establish. G 
diagnosis beyond a doubt the isolation and identification of the specific 
organism is the only certain method. . 

In acute cases, the gonococcus can usually be cultivated from the 
discharge without much difficulty, providing suitable culture media are 
employed. In chronic cases more difficulty is met with, and even when 
the greatest care is used in securing the material for examination and 
preparing the culture, repeated examinations are necessary before a 
definite opinion can be given. 

In chronic cases or those in which a cure is to be determined, the 
method of obtaining material is as follows: The patient is instructed 
to report with a full bladder. After cleansing the parts with green 
soap and a 1-60 carbolic acid solution, the patient voids several ounces 
of urine into a sterile flask. The prostate and vesicles are then thor- 
oughly massaged, after which the patient is instructed to void the 
remainder of the urine in a second sterile flask. The specimens, while 
warm, are immediately sent to the laboratory. Chilling of the samples 
reduces the chances of success. On the other hand prolonged exposure 
to body temperature permits the growth of other contaminating organ- 
isms which renders the isolation of the gonococcus more difficult. 

For the initial culture of the gonococcus, either Wertheim’s ascitic 
agar or Heiman’s culture media is employed. For a detailed considera- 
tion of the preparation of the various culture media, and the cultivation 
and isolation of the gonococcus, the reader is referred to special works 
on the subject. 

GonococcaAL IMMUNITY ReEacTIons.—In addition to their scientific 
interest, the immunity reactions which can be excited by the gonococcus 
have an important practical bearing on certain methods of diagnosis. 
Their as yet incomplete development and interpretation have been due 
to the failure of all attempts to produce gonococeal infections in animals. 
No toxins seem to be elaborated by the gonococeus, but Wassermann and 
others have shown, by means of the complement-deviation test, that 
bodies similar to amboceptors were present in the blood of patients 
suffering from gonococcal infection. Since then much work has been 
done on the complement-deviation test, on opsonic action and ageglutina- 
tions. The results, though far from complete, serve to substantiate the 
view that a specific immunity is elaborated in the human organism 
against the gonococcus. 

Complement-Deviation Test—The credit for having made the test 
of clinical value belongs to Schwartz and McNeil. The reactions depend 
upon the fact that, in the presence of the complement, gonococcal endo- 
toxins (antigen) combine with gonococcal antibodies (patient’s serum), 
and that, in doing so, the complement (guinea-pig serum) becomes 
‘fixed’? or “‘deviated.’’ The fixation of the complement which occurs 
if gonococeal antibodies are contained in the patient’s serum prevents 
lysis of the red cells and a ‘‘positive’’ reaction is then said to have been 
obtained. 


According to Schwartz and MeNeil, in cases of anterior gonorrheal 
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urethritis in the male, and acute vulvovaginitis in the female, a positive 
reaction is rarely obtained. When, however, the infection invades the 
posterior urethra in the male, and the cervix, glands of Bartholin and 
the pelvic organs in the female, the patient will react positively. The test 
becomes positive sooner or later in posterior urethritis, prostatitis, semi- 
nal vesiculitis, epididymitis, cystitis, pyelonephritis, arthritis, ete. A 
positive reaction persists six to eight weeks after a cure is effected. 
If a strong positive reaction persists after this period, the case should be 
regarded as still harboring gonococci. 

(1) Effect of Vaccines on the Test—If gonococcus vaccines are given 
to a patient with a fading or weakly positive test, the vaccines will 
change the weakly positive to a strongly positive test. If the patient 
has not recently had a gonorrhea, vaccines will have no effect upon the 
test. 

(2) Clinical Value of the Test——The accuracy of the test will vary 
according to the skill and experience of the serologist. Technical errors 
interfering with the validity of the test are much less likely to occur 
than in a gonococcus culture. On the other hand, a positive culture is 
more certain evidence that the gonococcus persists in the urethra or 
vesicles, than is a complement-fixation test. Thus if a patient has a 
gonorrheal arthritis as shown by a positive complement-fixation test, 
bacteriological examination is necessary to prove that gonococci are 
present in the urethra. On the other hand, the test will often help to 
differentiate between rheumatic and gonorrheal arthritis. 

As previously stated, the results obtained will vary with different 
observers; thus Keyes made a careful comparison between the relative 
merits of the ‘‘fixation’’ test and bacteriological examination. In 100 
eases, the complement-fixation test was wrong in 1 out of 47, the bac- 
teriological test in 1 out of over 100 examinations. 

In the authors’ work, the test has proven of most value in acute pos- 
terior urethritis, prostatitis, vesiculitis, arthritis and systemic gonorrhea. 
A positive test means that gonococci are present in the body, bearing in 
mind that the reaction may persist from 6 to 8 weeks after a cure. 
In chronic gonorrheal prostatitis and vesiculitis, the results have not 
been so satisfactory, the test at times being negative when careful bac- 
teriological examinations later demonstrated gonococci in urinary shreds 
or in the discharge. 

In uncomplicated anterior urethritis, the test is of no value, a clear 
urine and negative bacteriological findings being necessary to determine 
a cure. In two clinic patients suffering from a hyperacute anterior 
gonorrhea, one complicated by pcriurethral abscess and the other by 
balanoposthitis, a positive fixation was obtained. 

In conclusion it may be said that a positive fixation test signifies the 
presence of gonococci in the body. A negative test is not so reliable. 
This fact must be borne in mind when the test is employed in the determi- 
nation of & cure. Variations in the different strains of gonococcl may 
probably explain some of the misleading negative reactions and the per- 
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sistenee of antibodies in the blood after all gonococci have been exter- 
minated may account for erroneous positive results. 

Gonococcus Vaccines.—Either stock or autogenous vaccines are em- 
ployed in the treatment of gonorrhea. Autogenous vaccines have the 
advantage of being specific in a given case. They have the disadvantage, 
however, in that it takes several days to prepare them and are, therefore, 
not available when needed. The experiments of Teague and Torrey 
showed that the serum of an animal immunized to one strain of gono- 
eoceus did not cause fixation of complement when tested against an 
antigen obtained from another strain. They were able to differentiate 
eleven strains of gonococci. Most of the stock vaccines now sold are 
a mixture of different strains and are commonly employed when begin- 
ning the treatment. 

(1) Dosage—This varies with different urologists from 10,000,000 
to 50,000,000. We usually begin with 50,000,000 and increase 25,000,000 
at each dose until a maximum of 200,000,000 is reached. The injections 
are given intramuscularly, preferably in the gluteal region, and are not 
repeated oftener than every other day. 

Local pain and inflammatory reaction following injection are usually 
mild. General febrile or toxic reactions sometimes occur, if the dosage 
is high or pushed too rapidly. They rarely last more than twelve hours. 

(2) Results—aIn acute or chronic urethritis and vulvovaginitis we 
have never seen any benefit derived from the use of vaccines. In acute 
prostatitis, epididymitis, vesiculitis or periurethral lesions, the employ- 
ment of vaccines frequently seems to lessen the severity and duration of 
the disease. When a patient with gonorrhea develops fever or symptoms 
suggestive of these complications the prompt use of vaccines may per- 
haps abort them. In systemic gonorrhea, many authorities rely upon fre- 
quent injections ranging from 50,000,000 to 600,000,000. In gonorrheal 
sepsis the results are sometimes very definite, in others they are entirely 
negative. 

Antigonococcus Serum.—Rogers and Torrey employ a polyvalent 
serum obtained from the ram. It is also prepared from rabbits, sheep 
and horses. The serum of the former is preferred because it seems 
less toxic. The animals are immunized by injections of increasing doses 
of gonococcus emulsion. The serum is tested for its gonococeus anti- 
body content by means of the complement-fixation test. 

(1) Dosage—This varies from 2 cc. to 25 ce. at 24 to 48-hour 
intervals. When ram serum is used, a local reaction may occur, char- 
acterized by a varying amount of swelling, redness and tenderness. 

(2) Results——In localized gonorrhea and its complications, the re- 
sults are variable and perhaps inferior to those of the vaccines. In sys- 
temic gonorrhea and in joint cases, Rogers reports good results in 85 
per cent. of early cases. Herbert reports satisfactory results in all 
chronic joint cases. Swinbourne states that when the serum was em- 
ployed at the onset of 27 cases of acute epididymitis, the pain was 
relieved in 24 hours. Watson has employed it in the vaginitis of chil- 
dren without result. 
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BactTerioLogy oF CuHronic GonococcaL INrection.—Chronic 
Urethritis—The existence of a mixed infection, in chronic urethritis, is 
due, in most cases, to the various types of bacteria which are found 
under normal conditions in the urethra. In a general way, it may be 
stated that chronic urethritis may be due to: 

(1) The persistence of the gonococcus. 

(2) Presence of the gonococeus in conjunction with other bacteria. 

(3) Other bacteria without the gonococcus. 

As previously stated, the gonococcus in the male is rarely found 
after three years. Notthaft, who states that the gonococcus always 
disappears from the prostate within three years, is supported in his 
belief by Finger, Wassidlo, Goldberger, Neisser, Frank and others. 
The bacteria in normal urethre have been studied by various observers. 
Pfeiffer examined 24 normal subjects and found diphtheroid bacilli 
in 21, streptobacilli in 10, Staphylococcus pyogenes aureus in 5, Micro- 
coccus candicans in 4, Sarcina alba in 14. Petit and Wassermann found 
9 varieties of cocci, 6 kinds of bacilli. Franz, in 56 urethras, found the 
sarcina once, Bacillus coli communis once, Staphylococcus pyogenes 6 
times, streptococci twice, and 7 other varieties of cocci and four of 
diplococci. These bacteria were found, in practically all cases, near 
the meatus. Very few, or none, were found in the deeper portions of 
the anterior urethra. 

Chronic Anterior Urethritis—In 154 cases, examined by Tano, Cohn, 
Owens and van Hoffmann, 10 showed gonococci alone, 10 gonococci 
mixed with other bacteria, 114 other bacteria without gonococci; 20 
were sterile. ; 

Chronic Prostatitis—Young, Geraghty and Stevens examined 17 
cases. They obtained a growth on agar in only eight. The staphylococ; 
cus was found in 3 and Streptococcus pyogenes in 2. Notthaft exam- 
ined 120 cases. He found the gonococcus 47 times, other micrococci, 
119, bacilli, 15, other bacteria, 14 times. Cohn in 12 eases found Sta- 
phylococcus albus 11 times, streptococcus 3 times, bacillus coli once, 
other bacteria 3 times, no gonococci. The gonococcus was not found 
after the third year. Te found the gonococcus in only five cases within 
18 months of the time of infection. In cases of less than 18 months, 
the gonococcus was found in 60 per cent., either alone, or with other 
bacteria. In cases ranging from 18 months to 2 years, the gonococcus 
was found in 18 per cent. Cases of from 2 to 3 years’ standing showed 
gonococci in 6 per cent. 

Chronic Vesiculitis—Gonococei are rarely found. Cultures are 
often sterile. The usual bacteria present are staphylococcus, streptococ- 
cus, Bacillus colt communis and Bacillus lactis aérogenes. 

INCUBATION PERIOD.—This varies from two days to two weeks. The 
average incubation period is from 5 to 7 days. Im inoculation experi- 
ments the incubation period is from 2 to 5 days. The shortest incuba- 
tion periods are probably due to a combination of simple urethritis 
or sexual strain with gonococcal infection. Exacerbations develop, as 
a rule, more quickly than new infections. 
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According to Keyes, the average incubation period of 34 primary 
attacks was 6 days. Of these the primary attack in 20 per cent. appeared 
before the fifth day, in 61 per cent. on the fifth, sixth and seventh days. 
In 76 secondary attacks, the average incubation period was 4.88 days, 
of which 55 per cent. appeared before the fifth day, and 31 per cent. 
from the fifth to the seventh day. 

Pathology of Gonococca] Infection.—Wherever the gonococcus 1s 
found, tissue changes characteristic of bacterial invasion are soon appar- 
ent. The organism at first grows on the surface of the epithelium, form- 
ing surface colonies. The production of toxins by the gonococci soon 
causes hyperemia and serous exudation. The cylindrical epithelial 
cells become swollen and loosened and cast off in great numbers. The 
smaller blood-vessels are seen crowded with leukocytes, and diapedesis 
and leukocytosis are soon in active process, causing the characteristic 
purulent discharge. The concentration of the wandering cells is greatest 
immediately below the epithelial layers. 

Squamous epithelium is more resistant to the gonococeus and, although 
colonies may flourish on the surface, they do not penetrate between 
the interstices of the cells. In the ease of eylindrical epithelium, gono- 
cocci readily reach the corium and, frequently, also the submucous tissue. 
Wherever the gonococci penetrate, there is intense infiltration in propor- 
tion to the number of organisms. As the gonococci pass along the lymph- 
channels, they set up more or less lymphangitis. As the purulent stage 
subsides, the denuded areas of epithelium are regenerated and layers 
of flattened cells are formed. 

AcuTE ANTERIOR URETHRITIS.—We are indebted to the writings of 
Finger, Gohn and Schlagenhaufer for the pathological findings in acute 
anterior urethritis. The urethra of condemned criminals were inocu- 
lated, and immediate postmortem examinations were made to investigate 
the various stages of invasion of the tissues by the specific microbe. 
Thirty-eight hours after inoculation, the gonococei had only just begun 
to penetrate between the epithelial cells. At the end of three days, 
the surface of the epithelium was covered with pus, the epithelium 
being infiltrated with bacteria on one side, and by leukocytes on the 
other. The inflammatory changes showed striking characteristics: 

(1) The squamous epithelium of the fossa navicularis resisted the 
invasion of the gonococci almost absolutely. 

(2) The cylindrical epithelium of the penile urethra showed exten- 
sive invasion, most marked about the erypts and glands, which were 
packed with pus and gonococci. 

(3) The subepithelial connective tissue contained few ronococcl, 
except in the neighborhood of glands and crypts. Definite inflamma- 
tory changes, however, were present. 

The glands and crypts are implicated in the general inflammatory 
process and form important centers of inflammation. Their orifices 
frequently become closed by the swelling of the mucous membrane. 
Since the gonococci often extend to, and sometimes into, the corpus 
spongiosum, the suppuration and periglandular infiltration arising is 
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often very intensive and extensive at the height of an acute gonorrhea. 

CuHrRonic ANTERIOR URETHRITIS.—There is a distinct tendency in a 
considerable proportion of cases for the processes which are productive 
of cure to stop short of completeness, causing a so-called chronic inflam- 
mation, which allows the gonococcus to maintain its existence in certain 
areas, although its activities are restrained. The following pathological 
changes are noted: 

(1) The periglandular inflammatory exudate is gradually converted 
into cicatricial tissue. The extent and density of the connective tissue 
formation will depend upon the intensity and distribution of the acute 
inflammation. 

(2) Changes in the glands and crypts are seen. The inflammation 
within them may persist, resulting in the ‘‘glandular urethritis of Ober- 
lander.’’ The opening of the gland may become occluded, causing the 
formation of a purulent or colloidal cyst (dry urethritis of Oberlander). 
The inflammation may cease, either by a return to the normal, or by 
cicatricial obliteration of the gland. These changes may all be seen 
in the urethra at the same time. 

(3) Changes in the mucous membrane are those of chronic inflam- 
mation. They may be general, or localized over one or more smal] areas. 
The type of inflammation will depend upon the degree of infiltration 
and sclerosis. Jf the selerosis is slight and infiltration predominates, 
the urethroscope shows the surface to be swollen, red and eroded in spots, 
while here and there appear the inflamed orifices of suppurating glands. 
This stage has been termed the ‘“‘soft infiltration of Oberlander.’’ When 
there is marked sclerosis, the overlying mucous membrane is lighter in 
color than the adjacent healthy mucosa and appears salmon-colored or 
dirty grayish yellow. Elsewhere there may be ulcerations, erosions, 
papillary outgrowths, with here and there a patch of squamous epi- 
thelium. This is the ‘‘hard infiltration of Oberlander.’’ When the 
sclerosis is still more marked and extensive, urethral stricture results, 
diminishing the caliber of the urethra. The soft infiltration may heal 
spontaneously by absorption; the hard infiltration requires dilatation 
and leaves a permanent scar. 

MEMBRANEOUS URETHRA.—Inflammation of this portion of the urethra 
is clinically mild. Submucous infiltrations are usually slight and stric- 
ture is rare. The glands are relatively few and simple and chronic 
glandular catarrh is comparatively mild. 

Prostatic URETHRA.—In this part of the canal the glands are large 
and complex. Gonococeal infection often causes abscesses in the glands 
which break through into the canal. The verumontanum and sinus 
pocularis may also be the seat of abscess formation. 

THE ProstaTte.—When the prostatic urethra is involved there is 
practically always some involvement of the prostate. Prostatitis is per- 
haps the most frequent and important complication of genital gonorrhea 
in the male. In the milder forms, the inflammation extends into the 
ducts and either spares or does not markedly involve the acini (catarrhal 
prostatitis), with very little or no infiltration of the stroma. When the 
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acini are involved they become distended with pus, with infiltration of 
the surrounding stroma. When the inflammation becomes chronic, the 
involved acini may continue to suppurate or become cystic, necrotic or 
atrophic, with induration of the interstitial tissue (follicular prosta- 
titis). When the inflammation is more intense, there is a more marked 
involvement of the stroma. Abscesses may form in small multiple foci, 
few or many of which may resolve or coalesce to form a large abscess, 
which usually ruptures into the urethra or, more rarely, into the ischio- 
rectal fossa or rectum. 

CurRonic Prostatitis.—According to Young, Geraghty and Stevens, 
the microscopic changes are as follows: 

‘¢‘Periacinous infiltration is the essential lesion of chronic prostatitis. 
This frequently exists alone or may be combined with interstitial and 
endoglandular processes. The changes in the acini are manifold. In 
some instances the cul de sacs are dilated; this dilatation may be due to 
stricture or obstruction in the excretory ducts, but it is probably more 
often the result of an accumulation of inflammatory products in the 
glandular sacs, the muscular tone of whose walls has been injured by 
the inflammatory process. Acini, however, the caliber of whose lumina 
has been diminished, are almost as frequently seen as are dilated ones, 
and this is especially true where the prostatitis has been of long standing 
and an extensive periacinous sclerosis has formed. At times the acini 
are mere vestiges or may be entirely replaced by fibrous tissue in areas 
of considerable extent. The acini are often partially or entirely filled 
with proliferating and desquamated epithelium.”’ 

SEMINAL VESICULITIS.—In acute gonorrhea the vesicles undergo the 
same changes as are found in the prostate. Abscess of the vesicles is rare. 
In chronic inflammation the walls of the vesicles are infiltrated. In 
severe cases or in those of long standing, a perivesicular infiltration is 
often found. As the condition becomes more chronic, the round-cell 
infiltration becomes organized and contracts, causing occlusion of the 
lumen. The gland does not drain and frequently in long-standing cases 
the vesicle, instead of being a branched ramifying canal, is converted 
into an irregular cavity containing pus. 


GONORRHEA IN THE MALE 


When gonococci are implanted upon the urethral mucous membrane, 
they multiply and produce an inflammation which, under favorable 
conditions, may terminate in the anterior urethra without invading the 
posterior urethra. Usually, however, after the organisms have been 
multiplying for some time in the anterior urethra, they gradually 
extend backward and invade the posterior urethra. The inflammation 
may invade the prostatic ducts and infect the prostate, or it may involve 
the seminal vesicles by extension through the ejaculatory ducts, or by 
further extension downward through the vasa deferentia, invade the 
epididymes and testicles. Although the organisms may reach the bladder 
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by the back flow of pus from the deep urethra, the latter is rarely 
involved. The same is true for the ureters and kidneys. Although it 
is quite possible for these organs to be involved by direct extension, 
the hematogenous route is in all probability the usual route. Once the 
posterior urethra and prostate are invaded the organisms may find their 
way into the blood stream and give rise to metastatic lesions. 

In describing gonorrhea and its complications, we should, strictly 
speaking, consider anterior gonorrheal urethritis as the essential condi- 
tion and class all other gonorrheal inflammations, including posterior 
urethritis, as complications; because under favorable conditions gonor- 
rheal inflammation of the anterior urethra may terminate, as such, with- 
out involving the deep urethra. Jn the average gonorrhea, however, the 
deep urethra is usually involved. In as much as the symptomatology of 
anterior urethritis differs so much from that of posterior urethritis, it is 
clinically more convenient to consider them separately in the type 
description of the disease and to consider other gonorrhea! inflammations 
as complications of one or the other. Accordingly, we shall describe in 
the course of this article: 


(1) Acute anterior gonorrheal urethritis: 


Complications: Abscess of urethral glands. 
Periurethral abscess. 
Inflammation of erectile tissue. 
Balanoposthitis. 
Adenitis. 


(2) Acute posterior urethritis: 
Complications: Prostatitis, Prostatic abscess. 
Seminal vesiculitis. 
Epididymitis. 
Pyelitis, Pyelonephritis. 
(3) The metastatic lesions include: 
Bacterial lesions: Arthritis. 
Endocarditis. 
Iritis. 
Bursitis, Tenosynovitis. 
Periostitis, Osteitis. 
Myositis. 
(4) Rare forms: 
Anorectal gonorrhea. 
Buecal gonorrhea. 
Nasal gonorrhea. 


SYMPTOMATOLOGY OF GONORRHEA IN THE MALE 


Acute Anterior Gonorrheal Urethritis—In the beginning a slight 
tickling itchy irritation is felt at the meatus. The lips may be adherent, 
or a small amount of bluish sticky discharge may be seen between them. 
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A slight burning or stinging on urination is next experienced. This 
may last a day or two, when the meatus begins to swell and redden. The 
discharge increases in amount and becomes frankly purulent, varying in 
color from a creamy yellow to a greenish color. The symptoms are: 


(1) Swelling of the meatus. 
(2) Purulent discharge. 

(3) Painful urination. 

(4) Chordee. 


(1) The Meatus—At first the meatus is glued together, later the lips 
are red, swollen and everted and in very severe cases eroded. To the 
experienced observer, this appearance of the urethral orifice is almost 
pathognomonic of gonorrhea. Usually by the end of the second week, 
the swelling and redness subside and disappear, long before the inflam- 
mation in the deeper parts of the canal has terminated. In secondary 
attacks, and in acute exacerbations of chronic urethritis, the involve- 
ment of the meatus is less constant and less marked. 

(2) The Discharge——This at first is serous and opalescent, later as 
pus is formed it assumes a milky color. When the inflammation is at 
its height, it consists of greenish yellow pus, occasionally streaked with 
blood. In the subsiding stage, the pus ceases to be thick and gradually 
becomes paler in color, finally diminishing in amount and becoming 
more watery in quality. 

(3) Painful Urination —The passage of urine is painful and slow 
and somewhat obstructed, because the mucous membrane is swollen, 
eroded and sensitive. The pain on urinating reaches its height usually 
by the end of the first week and begins to subside after the second week. 

(4) Chordee-——Chordee or painful erections are of frequent occur- 
rence. The irritation produced by the inflamed mucous membrane causes 
erections, especially at night. The infiltration of the urethral mucosa 
and spongy tissues of the corpus spongiosum renders them relatively 
inelastic, hence the stretching of the tissues during erections becomes 
exceedingly painful. The corpora cavernosa retain their elasticity so 
that when the penis is erected it is curved downward. 

Examination of the Urine —The urine voided into a glass appears 
turbid. This turbidity is due to pus, mucus and desquamated epi- 
thelium. As the case goes on to recovery the urine gradually becomes 
clearer and finally transparent, containing filaments or so-called ‘‘clap 
shreds.’’ These latter, on microscopic examination, are seen to be made 
up of pus cells, desquamated epithelium and mucus, with or without 
gonococeci. Their presence indicates that isolated eroded portions of 
mucous membrane are not covered with epithelium and are still secret- 
ing pus. 

The ‘‘two-glass urine test’’ should be made at each visit to determine: 

A. The amount of pus excreted. 

B. Whether the posterior urethra is invaded. 

The diagnostic value of the so-called ‘‘glass tests’’ will be discussed 
ater. 
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Examination of the Smear.—Although in rare instances, about 1-5000, 
the Micrococcus catarrhalis may be the exciting cause, the finding of a 
Gram-negative intracellular diplococcus, in conjunction with the charac- 
teristic clinical signs, clinches the diagnosis for all practical purposes. 
Only in medico-legal cases is a culture necessary. 

At the onset of the disease, the smear shows quantities of desqua- 
mated epithelium, pus cells and mucus. Clumps of intracellular and 
extracellular gonococei are seen. 

At the height of the inflammation the pus cells predominate and 
many gonococcl are present. 

During the stage of decline the pus cells are diminished in number 
and fewer of them contain gonococci. Epithelium is present in larger 
amounts. As the case goes on to a cure, the gonococci disappear and the 
discharge or urinary sediment contains only desquamated epithelium, 
mucus and an oceasional pus cell with no gonococci. It is rare for the 
gonococci and pus to disappear within six weeks. They usually persist 
from 8 to 12 weeks. 

The methylene blue stain should be used as a routine method during 
the course of the disease to determine the efficacy of the treatment. 

Acute Posterior Gonorrheal Urethritis——The frequency with which 
posterior urethritis develops in acute gonorrhea varies with different 
observers from 60 to 90 per cent. This variance is probably due to 
the type of patients studied. Among the laboring classes, such as fre- 
quent the clinics, the percentage of posterior involvement is undoubtedly 
higher. Prostatitis is estimated to complicate from 70 to 80 per cent. 
of the cases of acute posterior urethritis. 

Posterior urethritis usually develops between the seventh and four- 
teenth days. 

The symptoms of posterior invasion are all referable to acute inflam- 
mation of the vesical neck, as is also the appearance of pus in the second 
flow of urine. 

(1) Frequency and Urgency of Urination.—Because of the acutely 
inflamed hypersensitive condition of the mucous membrane of the 
prostatic urethra and trigon, the accumulation of relatively small 
amounts of urine in the bladder causes an intense desire to urinate. 
This may be so great, in severe cases, that the patient dribbles away a 
few drops of urine every 15 minutes. In anterior urethritis the patient 
urinates as infrequently as possible, in order to escape the pain of uri- 
nation. In posterior urethritis the call to urinate is so imperative that 
he must urinate. The frequency and urgency is present during the 
night, although less marked than in the daytime. Yet it may be 
intense enough to cause a sleepless night, unless measures are taken to 
relieve it. In the milder cases there may be practically no frequency or 
urgency. 

(2) Pawnful Urination.—The pain on urination in posterior urethritis 
is very characteristic. It may be referred to the perineum, rectum, 
epigastrium or to the anterior urethra. It appears just before the act 


in the form of urgency. During urination it may be felt either in the 
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perineum, rectum or anterior urethra, but it is toward the end of the 
act that it is felt most acutely. The contractions of the bladder and 
urethra in attempting to expel the last drops of urine, cause a scries of 
spasmodic pains which may persist for several minutes, even after the 
bladder has emptied itself. 

(3) Terminal Hematuria.—tThis is caused by the terminal spasm. In 
severe cases the last jet of urine may be almost pure blood. In mild 
cases it is not present. The bleeding may be constant or intermittent. 
In either case the amount of blood lost is not great. 

(4) The ‘‘Two-Glass Test.’’—In acute posterior urethritis the pus 
which forms in the deep urethra flows back and becomes mixed with the 
bladder urine. The second urine voided is therefore always turbid. 

Chronic Gonorrhea.—By common consent a gonorrhea of less than 
two months’ duration is called acute. When it persists for more than 
three months it is considered chronic. This distinction is purely an 
arbitrary one and serves to emphasize the fact that while in some cases 
gonorrhea may be cured in two months, in others there is unfortunately 
a distinct tendency for the processes which bring about a cure to stop 
short of completeness and for the gonococcus to maintain its existence 
in certain areas, either alone or in conjunction with other organisms. 

In chronic gonorrhea, gonococci are most frequently found in gland 
duets, either in the anterior urethra (gonorrheal folliculitis), or in 
the posterior urethra (chronic gonorrheal prostatitis). They may also 
survive for some time in the mucosa. In either situation it is difficult 
to reach them with any local antiseptic. In the presence of continuous 
irritation, the surrounding infiltration, usually of periglandular localiza- 
tion, instead of becoming absorbed, undergoes a series of changes, result- 
ing eventually in the formation of cicatricial tissue. Clinically the dif- 
ferent stages are recognized as ‘‘soft’’ and ‘‘hard’’ infiltrations. The 
final end result in unfavorable cases is stricture. 

In order to distinguish the symptoms of anterior urethritis from 
those of posterior, both conditions must be studied separately. Clin- 
ically, however, the two usually exist together, either one or the other 
predominating. 

Curonic ANTERIOR URETuHRITIS.—Chronie anterior urethritis is char- 
acterized by: 

(1) Urethral discharge. 

(2) Tendency for acute exacerbations. 

(3) Pain, itching or burning in the urethra. 

(4) Urinary signs. 

(1) A urethral discharge is the one subjective symptom of chronic 
anterior gonococcal urethritis. It varies in quantity, and is purulent, 
mucopurulent or mucoid in appearance. At times the discharge is pro- 
fuse, at others it is very scant or may not show at the meatus, simply 
appearing in the urine in the form of urinary shreds. In others, owing 
to the more frequent flushings of the urethra with urine during the day, 
no discharge is seen, but over night sufficient discharge collects and 
appears as a “‘morning drop.’’ 


(4) Urinary Signs.—These constitute an important element in the 
diagnosis and will be discussed later. 

STRICTURE.—This very important complication will be considered 
separately. 

CHRONIC POSTERIOR URETHRITIS AND CHRONIC PrRosTATITIS.—Chronic 
posterior urethritis is always complicated by some involvement of the 
prostate. In fact, it is clinically impossible to differentiate one from the 
other. Hence it is preferable to consider chronic posterior urethritis 
in conjunction with chronic prostatitis. 

The symptoms of chronic inflammation of the posterior urethra and 
prostate as classified by Young are as follows: 

(1) The urinary symptoms are urethral discharge, disturbances of 
urination and mechanical obstruction to urination. 

(2) The referred symptoms are reflex pains and abnormal sensations. 

(3) The sexual symptoms are sexual disturbances, spermatorrhea and 
prostatorrhea. 

(1) Urinary Symptoms.—lf no anterior inflammation is present, then 
no urethral discharge is seen. Since, however, posterior inflammations 
complicate about 80 per cent. of chronic anterior urethritis, the patient’s 
complaint of a persistent discharge should warn the physician of the 
possibility of an accompanying posterior inflammation, because such 
urethral discharges can only be cured by the combined treatment of the 
anterior and posterior inflammations. 

Urination may be normal, or there may be frequency. and urgency 
of variable intensity. At times there may be pain before or during the 
act. Although urinary obstruction is infrequent, the stream may be 
weak, slow to start, with more or less dribbling. This may be due to 
turgescences of the mucosa of the deep urethra, swelling of the verumon- 
tanum, the formation of a median bar or to cicatricial contraction of the 
vesical neck. The symptoms in the more marked cases are those of 
prostatism in a young person, without enlargement of the prostate as 
felt by rectum. 

(2) Reflex Pains—The characteristic pains of chronic posterior 
urethritis and prostatitis are in the back, above the pubis, in the 
perineum, in the groin, testis, or along the urethra. 

Pain in the back is usually felt in the sacrum and lower lumbar 
vertebra, rarely over the kidneys. It may he a constant dull ache or 
may be most pronounced in the morning, disappearing during the day. 
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Erotic excitement, repressed sexual desire or excesses tend to aggravate 
it. In one of our patients, a physician, the pain was most marked at 
night, and was intense enough to cause insomnia. This was promptly 
relieved when local treatment of the prostate was begun. 

Perineal Pains —These may be mild or very annoying. The patient 
is usually nervous and irritable. He cannot sit in one position for any 
length of time, but shifts about continuously to relieve the symptom, 
which is evidently due to continued pressure against the perineum. He 
frequently complains of a dull ache, burning or sense of fullness in this 
region. 

Urethral Pains.—These may be present in the perineum or they 
may be referred to a point just behind the glans or to the penoscrotal 
junction. In some cases a numbness of the glans is complained of. 

(3) Sexual Disturbances.—These are nearly always present. The 
sexual appetite is disturbed. There may be a constant desire for inter- 
course which is not satisfied by indulgence, or there may be no inclina- 
tion for coitus which, if indulged in, is followed by a condition of gen- 
eral nervous depression. Premature ejaculation occurs on account of 
the hypersensitive, irritable condition of the posterior urethra and, for 
the same reason, nocturnal emissions may occur. As the condition 
advances, erections cease entirely and impotence is the final result. 

Prostatorrhea and Spermatorrhea.—As a result of chronic inflamma- 
tion of the prostate, functiona] disturbances, such as urethrorrhea, pros- 
tatorrhea and spermatorrhea are frequently encountered. Unless the 
ease is of long standing proper local treatment and a carefully regulated 
sexual hygiene corrects them in time. 

CHRONIC GONORRHEAL VESICULITIS.—Chronic vesiculitis is always 
associated with chronic prostatitis and posterior urethritis. In addition 
to the sexual symptoms noted above the following may be complained of 
when the vesicles are involved. 

Rectal Pains or Vesicular Colic.—These are felt high up in the rec- 
tum, and are usually spasmodic and griping in character. They may be 
brought on by erection, straining at stool, ejaculation, or may occur 
spontaneously. Sometimes the pain is felt so high up that it simulates 
renal colic. 

Painful Testicle—Neuralgia or irritability of the testicle may be 
due to a reflex pain from a corresponding diseased vesicle. It consists 
of a sensitiveness of the whole gland or some portion of it. Mere contact 
of the clothing may be exquisitely painful. When vesiculitis is the 
cause, treatment will relieve the condition. 

Gonorrheal Rheumatism.—F uller first suggested that chronie seminal 
vesiculitis was the cause of gonorrheal rheumatism. This will be con- 
sidered under rheumatism. 


DIAGNOSIS OF GONORRHEAL INFECTION 


In the diagnosis of gonorrhea involving the lower urinary tract and 
the genital organs in the male, two essential features are necessary: 
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(1) Discovery of the gonococcus; (2) diagnosis of the seat of the lesion: 
first, In acute urethritis, second, in chronic urethritis. 

It is advisable to have some routine method when patients present 
themselves for examination, otherwise important features may be over- 
looked. 

The writers have found the following method most practical and 
suitable for both private and clinic practice: 

History of the Case.—A careful history is taken; this includes: 


( Number of previous attacks. 
Duration of previous attacks. 
Complications. 

Condition after treatment. 


Past History 


Duration. 
Incubation. 
Discharge. 
Present History ; Pain (character, location). 
Character of urination (force, quantity, fre- 
quency, precipitancy, tenesmus, dribbling, hesi- 
tancy, etc.). 


Examination of Male Patient Standing.—ExTerNaL GENITALS.— 
The size, shape or malformations (hypospadias, epispadias, ete.) are 
noted. The condition of the glans and prepuce and the presence or 
absence of ulcerations, verruce, abscesses, lymphadenitis, etc., are next 
determined. 

The meatus is next inspected. Its size and shape are noted. If there 
is a urethral discharge, a smear is taken for microscopic examination. 
If the discharge is scanty, it is sometimes possible to obtain a sufficient 
amount by pressing upon the urethra from behind forward. If there 
is an induration at the meatus with the lips pressed together it may 
indicate the initial lesion of syphilis, whereas if ulceration is present, 
chancroid may be the cause. Ulceration with induration associated with 
a thin bloody discharge may mean either syphilis with mixed infection 
or a cancerous lesion originating in the urethra (in the aged). If the 
lips of the meatus are red, swollen and exude a creamy discharge, then 
gonorrhea is the most probable cause. To confirm this and to afford 
the patient the advantages of early local treatment, the microscope is 
necessary for immediate diagnosis. 

The Urine.—The patient passes a portion of his urine into a glass 
cylinder. The color, transparency and presence of shreds and mucus 
are noted. 

He is then asked to void a second portion of urine, retaining some 
in his bladder. The second urine is inspected the same way. 

PROSTATE AND VESICLES.—This is a very important part of the exam- 
ination and should never be omitted, otherwise important information 
of the nature, extent and chronicity of the disease may be missed. The 
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patient bends forward, resting his hands on a table. The examiner 
places a finger cot on his forefinger, lubricates it with vaselin and 
inserts it in the rectum. By placing the fingers of the left hand in the 
groin of the patient and making counterpressure, the vesicles can be 
more easily palpated. Some urologists advise first distending the bladder 
with boric acid solution. This is not necessary and is employed only 
in subjects with narrow pelvic outlet, in which the prostate and vesicles 
seem high up, out of reach of the finger. 

The examiner notes the shape, size, consistency and tenderness of the 
parts. Gentleness is essential. Rough, jerky movements frighten and 
hurt the patient, making him strain and rendering the examination use- 
less. An intensely hot, swollen, tender, enlarged, turgid gland with 
one or both lobes involved points to acute prostatitis. Nodules in the 
prostate show local areas of follicular inflammation, either gonorrheal, 
simple chronic or tuberculous. 

A prostate which is soft and boggy indicates chronie atonic pros- 
tatitis. An enlargement of the gland with nodular swellings, indurations 
and depressions, without acute symptoms, points to tuberculosis. In 
elderly men an enlargement denotes hypertrophy or malignancy or both. 
When the prostate is small, irregular in outline with depressions and soft 
areas, it signifies that former abscesses have destroyed a part of the pros- 
tatic tissue. 

Normal vesicles cannot be outlined when empty. In young vigorous 
adults who practice continence or indulge rarely in intercourse, varying 
degrees of distention are met with. This does not necessarily imply dis- 
ease. In acute inflammations the vesicles are engorged, thickened and 
tender. Distended tender vesicles point to a sub-acute process or to con- 
gestion with retention of vesicular secretion. 

In chronic inflammations, the vesicles may have thickened or atonie 
flabby walls. They may be nodular or irregular in outline due to scar 
formation or stricture. Small, stringy, hard and irregular vesicles are 
the result of chronic inflammation with partial destruction. 

The Third Urine—During the examination of the prostate and 
vesicles the organs are gently massaged with the finger, after which the 
patient is told to void his urine in a third cylinder. The three urines 
are then examined separately for bacteria, pus, mucus and epithelium. 
The first urine contains the washings of the urethra plus any elements 
from the bladder, ureters and kidneys. The second represents that from 
the bladder, ureters and kidneys alone, assuming that sufficient urine 
was passed in the first portion to flush out the urethra. The third urine 
contains, in addition to the second urine, the products massaged from the 
prostate and vesicles. 

The careful microscopic examination and comparison of these urines 
often give valuable information to the surgeon regarding the nature 
and intensity of the pathological process. They should not, however, be 
solely relied upon to localize inflammatory processes in the anterior and 
posterior urethra or in the prostate and vesicles. 

Many physicians have the erroneous impression that the first urine 


GONORRHEA IN THE MALE 471 


voided represents the contents of the anterivr urethra, the second that 
of the posterior urethra. In reality the first portion voided washes out 
the discharge present in both the anterior and posterior urethra. In 
acute anterior urethritis pus forms only in the anterior urethra. In 
acute anteroposterior urethritis, pus, in addition, accumulates in the deep 
urethra and becomes mixed with the bladder urine and makes it turbid. 
Therefore, in all acute urethral inflammations, if the first portion voided 
is cloudy and the second portion is clear, it is reasonable to assume that 
the inflammation is confined to the anterior urethra only. When both 
urines are turbid (excluding phosphaturia) then, in all probability, 
anteroposterior inflammation is present. It is important to have the 
first portion voided a generous one, to avoid incomplete flushing out of 
the anterior urethra, otherwise the second urine will contain the pus 
left behind and incorrectly indicate posterior involvement. It will be 
seen from the foregoing that in acute urethritis the two-glass test is of 
most value in determining the extent of the involvement. 

In subacute and chronic urethral and prostatic involvement the prob- 
Jem becomes more difficult, thus: 

In chronic anteroposterior inflammations the amount of discharge 
present in the deep urethra may be so scant that none flows back into the 
bladder. The first portion voided is very apt to flush out the whole 
canal, while the second portion is clear, giving the examiner the impres- 
sion that the discharge comes only from the anterior urethra, which is 
wrong. In these cases, where pus formation is scanty, the so-called 
‘‘ecomma shred,’’ which is derived from the opening of the prostatic 
ducts, will often help the surgeon to localize the lesion. These shreds are 
usually most abundant in the first specimen, and if the second urine is 
Jooked at when freshly voided, a number of them will invariably be 
found. 

From the foregoing we have seen that these tests are not exact. A 
great many other ‘‘glass tests’’ have been devised, involving the use of 
three, five, seven and even nine glasses, in an attempt to localize the 
inflammation in the anterior and posterior urethra and prostate and 
vesicles exclusively. Experience has shown that this multiplicity of 
glass tests is of no practical value. In chronic cases, where the discharge 
consists only of shred formation, and where doubt exists as to their 
source, the following method 1s of value. 

The patient is told to report with a full bladder. He is placed on the 
treatment table and the anterior urethra is flushed out with one quart 
of sterile water. This is collected in a basin and labeled ‘‘Specimen 
No. 1.’’ 

He then voids part of his urine in a cylinder which is labeled 
‘No. 2.”’ 

The prostate and vesicles are gently and thoroughly massaged and 
the patient passes the remainder of the urine into another cylinder, 
‘*Specimen No. 3.’’ 

We now have three specimens for comparison. 

Specimen No. 1 represents the washings from the anterior urethra. 
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Specimen No. 2 is the bladder urine plus the contents of the posterior 
urethra. 

Specimen No. 3 is bladder urine plus massage products from the 
prostate and seminal vesicles. 

Significance of Urinary Shreds—lIu acute urethral inflammation 
when pus is produced in large quantities the urine is turbid, and con- 
tains no shreds. As the inflammation subsides and tends to become 
localized, an exudate forms over the involved areas but not in sufficient 
amount to appear at the meatus as a discharge. When washed away by 
the urine it appears as shreds. These consist of mucus, pus and epi- 
thelium and may or may not contain bacteria. 

When shreds sink rapidly to the bottom of the cylinder they consist 
mostly of pus. Lighter shreds which float about and sink slowly consist 
mostly of mucus or epithelium. In eases treated for a long time with 
some of the organic silver salts, notably protargol, characteristic heavy, 
thick, granular shreds, yellow in color, are found. They may appear in 
the course of treatment after the urine has been clear. Their presence 
does not indicate that the case is relapsing. Stopping the injections 
causes their disappearance from the urine in two or three days. 

The older writers laid stress upon the size and shape of urethral 
shreds as indicating the part of the urethra from which they were 
derived. Experience has shown this view to be incorrect. There is one 
exception, however. In chronic inflammations of the deep urethra and 
prostate, a small, fine, light shred is seen, having the shape of a 
‘‘comma.’’ When this type of shred is found in either the first or second 
urines, it invariably indicates a chronic inflammatory process in the pros- 
tatic urethra. 

Generally speaking, the following conclusion may be drawn: 

(1) Shreds do not necessarily indicate gonorrhea. They are fre- 
quently found in the urine of men who never had gonorrhea. 

(2) Shreds mean localized areas of urethral inflammation. 

(3) With the exception of the comma shred, the size and shape of 
shreds do not indicate what part of the urethra they come from. 

Urethral Examination (The Patient Lying on the Table.)—The 
urethra is first palpated by holding the penis in one hand and palpating 
the outside of the canal with the thumb and forefinger of the other. In 
this way follicular induration, periurethral abscess, scar tissue or a for- 
eign body in the canal may be detected. 

The canal is then examined for infiltrates and stricture. No instru- 
ment should be passed when the urethra is acutely inflamed. Exam- 
inations should be deferred until the local symptoms have subsided. 
This applies, especially, to primary acute gonorrheal urethritis and also 
to acute exacerbations of chronic urethritis. In chronic relapsing cases 
when there is much pus, even when it is definitely known that stricture 
is present, this part of the examination should always be deferred until 
all acute symptoms have been cleared up. If this rule is adhered to, 
the management of this especially difficult group of cases will be 
remarkably free from troublesome complications. | 
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EXAMINATION FOR STRICTURE.—The meatus is first sponged with some 
antiseptic solution (bichlorid 1-2000, hydrargoxycyanid 1-1000). A 
metallic bougie-a-boule is dipped into sterile glycerin and inserted 
through the meatus into the urethra, down to the ‘‘cut off’’ muscle. We 
generally begin with a No. 25 French bougie. If it enters easily, we go 
up the scale until we find the largest that the meatus will admit. In case 
25 French does not enter, we take up the smaller ones until we find one 
that will pass through easily. The size of the meatus and the location 
and size of any narrowings are noted. Local points of tenderness en- 
countered during the passage of the instrument are also registered. A 
sound corresponding in size to the largest bougie-a-boule is then passed 
through the urethra into the bladder, and the degree of tenderness of 
the deep urethra noted. 

UretHroscopy.—Urethroscopy has for its object the visual inspec- 
tion of the urethra. It should never be employed in the diagnosis of 
acute gonorrheal infection or in any condition in which the urethra is 
acutely inflamed. Urethroscopic examinations should always be em- 
ployed to complete the diagnosis in chronic urethral inflammation. If 
carefully and gently performed, we have never seen any evil effects 
follow. Although in the great majority of cases, very little is learned 
by this form of examination, valuable information is obtained often 
enough, at least, to make it a part of the routine examination of all 
chronic cases. 

Various types of urethroscopes are employed. For diagnosis, the 
direct view irrigation urethroscope, designed by Geiringer (Fig. 1), 1s 
employed. Before examining a patient the surgeon should familiarize 
himself with the various parts of the instrument and their assemblage. 

The patient is placed in the endoscopic position with the pelvis 
near the edge of the table. The urethra is anesthetized if sensitive. 
The examiner stands at the foot of the table facing the patient. The 
instrument is dipped into glycerin and gently inserted through the 
meatus, and passed through the urethra into the bladder. The water 
and current are then turned on and the examiner, seated on a stool, 
applies his eye to the telescope. By pulling the instrument forward, a 
series of images of the bladder and urethra are seen. 

Having become familiar with the appearance and landmarks of the 
normal urethra, we will briefly study the various pathological lesions 
which can be seen by urethroscopy, as follows: 

(1) Chronic urethritis, including stricture; (2) uleer; (3) polypi; 
(4) papillomata; (5) calculi; (6) foreign bodies; (7) cysts; (8) chancre 
and chancroid; (9) prostatism. 

(1) Chronic Urethritis—In describing the appearance of the urethra 
in chronic urethritis we will use the classification of Oberlaender, who 
divided it into two stages: first, the stage of soft infiltration, consisting 
of a small round-cell infiltration of the submucosa; second, the stage 
of hard infiltration, which includes all the inflammatory changes by 
which the round-cell infiltration is changed into connective tissue, the 
final conversion resulting in stricture. This fibroid change, likewise. 
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affects the urethral glands and crypts. In the early stage of hard infil- 
tration, these are inflamed and either remain open or are plugged with 
secretion; this, Oberlaender calls the ‘‘glandular form.’’ Later on, as 
a result of compression by scar tissue around the glands and crypts, 
their ducts are closed and the glands are obliterated or converted into 
small oval or round cysts lying beneath the epithelium. This he calls 
the follicular or ‘‘dry form.’’ Small irregular white or yellow patches 
of sclerotic scar tissue are often seen. 

Chronic Posterior Urethritis—(i) Soft Infiltration.—Mucous Mem- 
brane.—Dark red or bluish-red areas, slightly elevated, on the mucous 


membrane, denote the site of infiltrates. 








Fig. 1.—Drrect-view Irricating URETHROSCOPE OF AUTHOR FOR DIAGNOSIS AND 
TREATMENT 
A. Sheath with movable-beak obturator. 
B. Movable-beak obturator. 
C. Telescope, irrigating faucet, light carrier, channel for probes, filiforms, 
catheter or fulgurating wire. 
D. Accessory light for local applications. 


Glands.—A few may occasionally be seen on the roof. The edges 
of ducts are thickened and surrounded by a red areola. No glandular 
openings are visible on the floor of the prostatic sinuses, on account of 
the redness and swelling of the mucous membrane. 

Verumontanum.—This is dark red, swollen, and may fill the entire 
urethra; the surface is smooth, granular, eroded or lumpy, and bleeds 
easily. 

(ii) Hard Infiltration—(a) Glandular Form—The mucous mem- 
brane is pale red, grayish-white or yellow. 

Glands.—The mouths of the glands are gaping or plugged with secre- 
tion. The edges are swollen and are red or grayish in color. 
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Verumontanum.—If involved, this may show pale yellow areas; the 
shape is flattened or distorted. 

(b) Dry or Follicular Form.—Mucous Membrane.—These are yel- 
lowish-white with pale, smooth, sclerotic areas. 

Glands.—The ducts are rarely seen. One may see depressed scars, 
or occasionally, cystic formations (elevated yellowish or grayish-white 
bodies). In one case of urethritis cystica chronica, the side walls of the 
urethra were studded with innumerable small cysts. Occasionally single 
larger cysts are seen having an opalescent milky appearance. 

Chronic Anterior Urethritis—(i) Soft Infiltration—Mucous Mem- 
brane.—There are hyperemic areas surrounded by healthy mucous mem- 
brane. Erosions are sometimes seen. Granular patches are found on 
the floor of the bulbous urethra. Thickening is shown by large puffy 
folds projecting upward into the field. The lumen is gaping or closed, 
having an irregular crescentic appearance. 

Glands.—The crypts and glandular openings are not seen if embed- 
ded in the hyperemic areas. Those in the paler areas appear as red 
elevations discharging pus. 

(ii) Hard Infiltration—(a) Glandular Form.—Mucous Membrane. 
—The mucous membrane is paler in color; the surface appears uneven. 

Glands.—The glands of Littré are surrounded by a red areola. The 
openings are enlarged, crater-like or plugged with secretion. The crypts 
of Morgagni are swollen and gaping, discharging a mucopurulent secre- 
tion. 

(b) Dry or Follicular Form.—Mucous Membrane.—Diseased areas 
of the mucous membrane are grayish or yellowish white. 

Glands.—Very few glands are seen. This is very characteristic of the 
dry stage, the glands and crypts being obliterated or converted into 
subepithelial cysts. Very frequently, both glandular and dry forms are 
seen in the same urethra. This Oberlaender calis ‘‘mixed infiltration.’’ 

Subacute Anterior Urethritis—The mucous membrane is red and 
velvety. The vascular streaks are lost. The mucosa is thrown into 
thickened folds. The openings of the glands and crypts are red, swollen, 
and exude pus. 

Subacute Posterior Urethritis—The mucous membrane is dark, red 
and swollen and sometimes eroded. Occasionally follicular abscesses 
are scen as small yellowish elevations. The verumontanum is red and 
swollen. 

(2) Ulcers.—Uleers are usually of traumatic origin, resulting from 
instrumentation. They may, however, be tuberculous. They are most 
frequently found in the floor of the bulbous urethra. Their borders 
are irregular with red or grayish necrotic bases. 

(3) Polypi.—Polypi are seen most frequently in the anterior urethra. 
They appear as smooth, oval, pedunculated bodies, varying from pale 
pink to dark red in color. 

(4) Papillomata.—Two varieties of papillomata are seen in the 
urethra: (1) flagellated; (2) flat sessile. The first variety is found 
most frequently in the deep urethra on or near the sphincteric margin, 
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or springing from the colliculus. The sessile tumors have a raspberry 
appearance. They occur most frequently in the anterior urethra just 
within the meatus. In one case of chronic urethritis complicated by 
a congenitally contracted hypospadiac meatus, the first half inch of the 
urethra was almost occluded by these growths. 

(5) Calculi.—Caleuli found lying in the urethra are nearly always 
of renal origin. Having been passed into the bladder and, after a vary- 
ing period, having entered the urethra, they are passed through it or 
caught at some narrow point of the canal. They are found most fre- 
quently in the prostatic or bulbous urethra or in the fossa navicularis 
when the meatus is small. In Guiteras’ case, there were four stones 
found in the pendulous urethra. O’Crowley has reported one in which 
the bulbous and prostatic portions of the urethra were distended with 
caleuli. 

Calculi some@mes originate in the parenchyma of the prostate; these 
gradually enlarge and, if near the urethral mucosa, break through and 
are either passed or are caught and require removal. Sometimes the 
prostatic st®@ne is quite large and remains firmly imbedded in the pros- 
tatic tissue and, gradually increasing in size, may break through the 
urethra; further deposition of salts causes the urethral portion to en- 
large, the stone then having an hour-glass or dumb-bell shape. 

(6) Foreign bodies are rarely found in the male urethra. Bits of 
catheter, pencily, and pen holders have, however, been reported. 

(7) Koitary ts of non-infectious origin are seen but rarely. They 
have been seen in ‘the deep urethra near the sphincteric margin. 

(8) Chancre and chancroid of the urethra occur most frequently 
just within the meatus and can usually be seen without the aid of the 
urethroscope. 

(9) Prostatic Hyperirophy.—That portion of the posterior urethra, 
lying between the verumontanum and vesical sphincter, normally has 
a cylindrical appearance. In beginning hypertrophy, its transverse 
diameter becomes narrowed, due to the projection of the enlarged lateral 
lobes of the prostate into the urethra. In advanced hypertrophy, this 
narrowing becomes more marked, giving the urethra the appearance of 
a vertical slit, slightly wider near the urethral floor. The internal 
vesical sphincter, instead of being round, assumes the same shape. 


TREATMENT OF ACUTE GONOCOCCAL URETHRITIS 


The treatment of gonococeal urethritis is systemic and local. The 
former comprises dietetic and hygienic measures, and also the internal 
administration of curative remedies. The latter deals with the local 
applications of drugs to the affected parts. 

Before taking up the detailed study or consideration of the treatment 
of gonorrheal infections we will describe the various internal remedies 
and the drugs employed locally. 

I. Internal Remedies.—The number of drugs employed in the in- 
ternal treatment of gonorrhea is legion. This method of treatment is still 
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The internal remedies which enjoy most favor at present are sandal- 
wood oil, copaiba, cubebs, kava-kava, buchu, methylene blue and the 
urinary antiseptics. 

Sandalwood oil (oleum santalis) is a pale yellow oil distilled from 
the wood of East Indian Santalum album. The dose is 10 to 30 minims 
(0.6 to 2.0 c.c.) three times a day, three hours after eating, in capsules 
or emulsion. In some patients, even a small dose of sandalwood oil is 
irritating to the digestive tract. or it may cause distressing pain in the 
back, which calls for a diminution in dose or a change of the drug. 

Copaiba is a fluid oleoresin obtained from the trunk of a certain 
species of Copaifera. The dose is 14 to 1 dram (2.0 to 4.0 @e.) in 
capsules or emulsion. In larger doses or after continued use it is apt 
to produce indigestion and diarrhea. It occasionally produces an eryth- 
ema or urticarial eruption. 

Cubeb is the dried unripe fruit of Piper cubeba. It is less unpleas- 
ant to the palate than copaiba and less lable to upset the digestion. 
In large doses it sometimes irritates the bladder. It is frequently pre- 
scribed with copaiba either in pill or emulsion. The dose of the powder 
is 30 to 60 grains (1.95 to 3.90 grams), fluid extract 14 to 1 dram (2.0 to 
4.0 e.c.), oleoresin in capsules, 0.3 to 1 ¢.c. (5 to 15 minims). 

Kava-kava is the dried rhizome of Piper methysticum (Polynesia). 
The dose of the fluid extract is 30 to 60 minims (1.9 to 3.8 @c.). Its 
action is similar to the other balsamics, but it has in addition an anes- 
thetic effect on inflamed mucous membranes. 

Wintergreen oil is of service when the balsamics disagree. The dose 
is ten minims in capsule, three times a day. 

Methylene blue is seldom employed. 

Urinary antiseptics, such as hexamethylenetetramin, salol, ben- 
goates or benzoic acid, boric acid, borates and methylene blue, have 
no appreciable therapeutic effect upon urethral inflammation. These 
substances, which are of such great value in all urinary suppurative 
conditions located in the upper urinary tract, are useless below that 
point. They are useful to protect the kidneys and should be given 
whenever an unusual rise in temperature occurs during the course of 
a gonorrhea. Hexamethylenetetramin, commonly known as urotropin, 
is the drug of choice. Its antiseptic action depends upon its power of 
liberating formaldehyd in the urine. It acts only in acid urine and 
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should never be prescribed with alkalies. The urine must be tested in 
every case and if found to be neutral or alkaline, an attempt should 
be made to alter its reaction by administering sodium benzoate 15 to 2C 
grains (1.0 to 1.3 grams), or the acid phosphate of sodium 30 to 60 
grains (1.9 to 3.8 grams), twice daily. 

The following combinations have been employed in the routine treat: 
ment of urethral inflammation: 


(1) Oleum Santali Emulsion, 


3 

Oler gantalligcwndi Siew cedeeeeane seeees f 3i (30.0 e@..) 
POtassll-CIPalis: cas cautneweeaaee se eeeess 31 (31.1 grams) 
Syrupi simplicis. 

Mueil. acacl® =} ws we ee ee err err eee aa Qs. 

Aque gaultheria ad 3iv (120.0 e.c., 
M. Ft. Emuls. 


Sig.: 5i t.i.d. 2h. p. e. 
(2) Lafayette Mixture. 


Tt 

Copaibe. 

Spiritus etheris nitrosi }...........00000- Ha 3ss (15.0 c.c.) 
Spiritus lavandulw 

Liquoris potassii (U.S. Pi)... cece ee ee eee 5i ( 4.0 ee.) 
Syrupi simplicis 

Mueilagis acaci® }..........-. ccc cee eens Ai q.S. 

Aquez gaultheriv ad 3iv (120.0 ee.) 


M. Sig.: 511 t.i.d. p.e. 


Of the foregoing combinations, the writers prefer sandalwood oil, 
either alone in capsules, m x four times a day, or combined with citrate 
of potash in emulsion. A very good preparation of the oil in combina- 
tion with kava-kava is prepared under the proprietary name of Gonosan. 
The dose is 6 to 8 capsules during the day. 

II. Local Treatment of Urethritis.—Before considering the detailed 
treatment of acute and chronic urethritis, the physician should famil- 
jarize himself with the drugs employed and the various methods of 
applying them to the urethra. 

Drues.—The list of drugs which have been used in the local treat- 
ment of gonorrheal urethritis is a long one. The following table in- 
cludes only those in general use and many old-time favorites are ex- 
cluded. New preparations are being constantly proposed, which proves 
that perfection in urethral medication has not yet been attained. 

The following list represents the solutions usually employed, the 
form in which they are most conveniently kept, and the strengths in 
which they are employed either for hand injection by the patient, irri- 
gation or instillation. 
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Name Form Hand Injection Irrigation I nstillation 

Silver nitrate........... 50 per cent. solution 1:6000~-1:1000 ).5~5 per cent, 
 Uiaal i veut nae tias 5 grain powders 0.25-1 per cent. |0.1-0.5 per cent. {1-5 per cent. 

Ob Siar ogntcare oe weee Cryatals 5-20 per cent. 10-25 per cent. 
Albargin................ 0.2 gram tablets 0.1-1 per cent. {0.05-0 02 per cent. 1-5 per cent. 
Novargon... ........... Crystals 1:500~-1:50 1:3000-1:1000 1:20-1:10 
Potassium permanganate.|1 grain tablets 0.01-0.05 per cent. 
Hydrargyrum oxycyanid. {0.25 gram powders 0 01-0.05 per cent. 
Copper sulphate.. ...... 10 per cent. solution 1:500-1:250 
Zinc sulphate ......... 5 per cent. solution Aree 244 cent./0.1-0.5 per cent. 
Zinc sulphocarbolate.....| Powder 1:500-1: . 
Zinc acetate ........... See text 1:500-1:100 


Vegetable astringents. ../See text 
Ointments and bougies..|See text 











The drugs in the foregoing table may be roughly divided into anti- 
septics, astringents, sedatives and stimulants. Most of them exhibit 
two or more of these functions, either of which will dominate according 
to the concentration employed. Thus the organic silver salts are essen- 
tially antiseptics. Argyrol in strengths up to 15 per cent. is sedative, 
while stronger solutions (25-50 per cent.) are antiseptic. stimulating 
and also astringent. Protargol is antiseptic and astringent. Silver 
nitrate in weak solutions (14000) is antiseptic, astringent and mildly 
stimulating; in 1 per cent. strength, its chief action is astringent. while 
higher concentrations have caustie properties. Zine sulphate and 
acetate are used only for their astringent properties. 

Vegetable astringents, notably hydrastis, formerly enjoyed much 
favor. If used at all, they should only be employed as injections in non- 
gonorrheal urethritis as substitutes for the zine salts. Personally, we 
find them of little or no value. 

The application of ointments, oily preparations and soluble bougies 
containing one or more antiseptic or astringent drugs, still appeals to 
some. The authors prefer the injection of watery solutions. 

The physician should select a few of these drugs and learn thor- 
oughly their dosage, action and mode of administration. It is better 
to have a complete working knowledge of a few preparations than a 
hazy appreciation of a large number. 

Of the many new preparations for the local treatment of gonorrhea 
which have appeared in recent years, only two have proven themselves 
worthy. These are mercurochrome and acriflavine. 

Mercurochrome—220 contains 23-24 per cent. mercury in molecu- 
Jar combination with the dye eosin. In this form the mercury, while 
retaining its germicidal power, is not precipitated by proteins or alkalies. 
Young recommends its use as follows: 

In Anterior Urcthritis—Solutions ranging from one quarter to one 

per cent. are injected every three or four hours, the weaker solutions be- 
ing used in the hyperacute cases. A preliminary irrigation of the an- 
terior urethra with sterile water or normal saline is essential. 
In Posterior Urethritis—First irrigate with sterile water or normal 
saline to remove mucus and pus. Inject one half to one ounce of a one 
per cent. solution of mercurochrome by means of a posterior urethral 
syringe or catheter. 


Hy 
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In Female Gonorrhea.—Hager and von Lackum of the Mayo Clinic 
recommend the use of mercurochrome, alternating with silver com- 
pounds and iodine. During the acute stage, they swab the cervix and 
vault with tincture of iodine or a 2 per cent. solution of silver nitrate. 
This produces a profuse desquamation and discharge. The vagina 1s 
then wiped dry, and pure erystals of mercurochrome are placed in the 
cervix. The vault is swabbed out with one per cent. mercurochrome. — 

In Vulvovaginitis a one per cent. mereurochrome ointment is daily 
injected into the vagina. 

In Ophthalmia Neonatorum Clapp and Martin employ frequent instil- 
lations of a two per cent. solution in the eye. 

Acriflavine is an antiseptic dye. For urethral injections the 
strength of the solution used is from 1-5000 to 1-3000. The injections 
are given three times a day, holding in the fluid for five minutes. 

COMPARATIVE VALUE OF LocaL REMEDIES.—J ust as in other obstinate 
conditions, there is a diversity of opinion regarding the relative merits 
of the various local remedies employed. Differences of opinion exist 
among urologists as to the relative values of the organic silver salts. 
This confusion is added to by the manufacturers, each of whom extols 
the value of his own preparation. 

Much work has been done in the laboratory and upon animals to test 
the value of various drugs. Thus Marshall and Neave found that, 
whereas the majority of silver salts were powerfully bactericidal upon 
the Staphylococcus pyogenes aureus, argyrol showed no such effect. 

According to Cragin, argyrol in 20 per cent. strength destroys the 
gonocoecus in 20 seconds, but is inefficient with streptocoeci and Staphylo- 
coccus pyogencs aureus. Burnett, in his experiments, showed that 
neither argvrol nor silver nitrate showed any power to penctrate the 
urethral mucous membrane. 

From the foregoing, the impracticability of classifying these salts 
by laboratory or test-tube standards becomes evident. Clinical experi- 
ence is the only criterion, and it has shown that the organic silver 
salts are the best remedies in acute gonococcal inflammations, by 
virtue of their being bactericidal and relatively non-irritating. In 
ehronic gonorrhea they are useful only when the urethra 1s very sensi- 
tive and irritable to silver nitrate, which is the remedy of choice. 

Personally, we find argyrol, protargol and silver nitrate the most. 
efficient in the routine treatment of acute and chronic urethritis. We 
have practically discarded the use of potassium permanganate, finding 
‘t inferior to either protargol or argyrol. Although it apparently seems 
to hasten the cure by diminishing the discharge more quickly than the 
silver salts, it gives the physician and patient a sense of false security 
as to the progress of the case. Discontinuing the injections frequently 
causes the prompt ‘reappearance of the discharge, very often to the be- 
wilderment of the physician and the discouragement of the patient. 

THERAPEUTIC VALUE OF MERCUROCHROME AND ACRIFLAVINE.—Clinical 
experience has shown that these drugs are valuable adjuvants in the 
treatment of gonorrhea. In our experience they rank about the same as 
protargol and argyrol. The practitioner must not, however, rely solely 
upon either of them in treating all cases, otherwise he will meet with 
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many failures. Best results are obtained when they are employed alter- 
nately with the silver salts. Used in this way, there is no danger of 
the gonococcus developing a tolerance for or a resistance to any partic- 
ular drug. 

Mercurochrome is objectionable for home treatment because of its in- 
tense staining qualities. For this reason we use it only in the office. 
When we first started to use it, we found that it proved very irritating 
when instilled into the deep urethra. In fact several cases developed 
acute prostatitis and epididymitis which we attributed to the irritating 
effects of the drug. At present, if we decide to employ it at all in pos- 
terior gonorrhea we first administer a course of the milder silver salts, 
in order to determine the tolerance of the deep urethra to treatment. 
In the treatment of periurethral abscess and sinuses mercurochrome is 
more effective than acriflavine and the silver salts. 

Astringent injections of zinc and alum are of no value in gono- 
coccal urethritis. They are but little used except in controlling the dis- 
charge in chronic anterior urethritis until more efficacious local treat- 
ments effect a cure. 

MetHops oF ADMINISTRATION.—The application of remedial agents 
to the urethra is performed in the following ways: (1) Injection with 
a small syringe. (2) Irrigation with (a) large piston syringe, (0) irri- 
gating jar. (3) Instillation. (4) Urethroscopic application. 

The patient should empty his bladder immediately before any treat- 
ment is applied to the urethra, thereby washing out any discharge which 
may be present and also enabling the surgeon to note the progress of the 
case by the appearance of the urine. 

(1) Injection with a Small Syringe—These are generally applied by 
the patient himself. He is instructed to provide himself with a two- 
dram glass or hard rubber syringe having a blunt tip. The tip may 
also be of soft rubber. The syringe is filled and applied snugly within 
the meatus, aided by lateral pressure applied with the thumb and fore- 
finger of the left hand. The injection is made slowly and there is no 
need for the patient to press against the urethra to prevent the solution 
from entering the bulbous urethra. 

In acute gonorrhea, the injection is made three or four times a day. 
In chronic gonorrhea, not oftener than twice a day. The solutions usu- 
ally employed are: protargol 14 to 14 per cent., argyrol 10 to 20 per cent. 

(2) Irrigation—This is accomplished either with a large piston 
syringe of the Janet-Frank type (Fig. 2), or with an irrigating jar 
suspended from the wall. The nozzle of the syringe should be blunt- 
tipped. This method has for its object the flushing out of the anterior 
and also of the posterior urethra. The nozzle is pressed against the 
meatus and enough fluid injected to distend the urethra, after which the 
fluid is allowed to flow out. This intermittent irrigation is continued 
until the syringe is emptied. In order fo irrigate the deep urethra and 
bladder, the nozzle is held firmly against the meatus and the fluid slowly 
injected. To relax the sphincter muscle, the patient 1s instructed to 
breathe deeply or to attempt to urinate. Usually, after a few minutes, 
the ‘‘cut-off’’ muscle relaxes and the solution flows through the deep 
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urethra into the bladder. When enough of the solution has been passed 

the patient empties his bladder, thus securing a two-way irrigation. 
The authors find this method a cumbersome one and very tiring 

if many patients are to be treated. The irrigating jar will be found 





Fic. 3.—CHETwoop’s Tr- 
RIGATING NOZZLE. 
(Kny-Scheerer.) 





Fic. 4.—Kierer’s Irri- 
GATING NOZZLE. 
(Kny-Scheerer.) 





Fig. 2.—JANET-FRANK SYRINGE. 
(Kny-Scheerer.) 


much more convenient. The apparatus consists of a one-quart jar 
suspended from the wall about 3 to 5 feet above the level of the table. 
About 5 feet of rubber tubing is attached to the jar. 

Various nozzles are employed (Figs. 3 and 4). The Chetwood scis- 
sors and two-ways glass nozzle for irrigating the anterior urethra, the 
Swinbourne cut-off and shield and the Janet nozzles are recommended. 
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The irrigation of the anterior or posterior urethra is performed in the 
same manner as with the piston syringe. 

Instead of employing hydrostatic pressure to relax the cut-off muscle 
when the deep urethra and bladder are irrigated, catheter irrigation 
may be used. The technic is as follows: <A straight soft rubber 12-14 
Fr. catheter is lubricated either with glycerin or other lubricating 
jelly. The catheter is then introduced into the bladder. The irrigating 
jar is connected with the catheter by means of a fine-pointed nozzle. 
About two ounces of the solution are allowed to flow into the bladder. 
The catheter is then disconnected from the jar, and as the solution 





Fig. 5.—ULTZMANN’s INSTILLATION SyrinGE. (Kny-Scheerer.) 


Hows out of the bladder, through the catheter, the latter is gently with- 
drawn about 3 to 4 em. until the flow stops, which shows that the eye 
of the catheter lies within the prostatic urethra. The catheter is again 
connected with the irrigating jar, and the solution flows into the catheter, 
through the prostatic urethra into the bladder. When the patient feels 
a desire to urinate, the flow is stopped and the catheter withdrawn. 
The patient gets off the table and empties his bladder. 

The authors prefer the irrigation of the deep urethra with a catheter. 
It is much more convenient and less trying to the patient, unless he can 
easily voluntarily relax the sphincter muscles. In nervous patients, it 





Fig. 6.—Guyon INSTILLATION SYRINGE. (Kny-Scheerer.) 


is sometimes at first impossible to pass a soft catheter into the bladder, 
owing to spasm of the ‘‘cut-off’’ muscle, in which case a woven coudé 
catheter should be used. 

(3) Instillations—The object of instillation is to place upon a given 
portion of the urethra a few drops of a concentrated solution. The 
instillator (Figs. 5 and 6) consists of a syringe barre! to which 1s attached 
a hollow metal catheter, as in the Ultzmann or Keyes instrument, or 
a woven catheter of the Guyon type. The authors prefer the Ultzmann 
instillator. The metal catheter portion of the instrument is made either 
of steel or silver. The former, owing to oxidation, becomes clogged up, 
whereas the silver catheter always remains patent. 

Inasmuch as instillations are nearly always made in the deep urethra, 
the surgeon should have a clear idea of the precise position of the in- 
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strument when it passes the external sphincter. Usually, a distinct 
‘jump’? ig felt as it passes over the ‘‘cut-off’’ muscle. In case of 
doubt we may always feel certain that the point of the instrument 1s 
in the deep urethra when its shaft rests without support at an angle of 
45 degrees to the horizon. 

(4) Urethroscopic Applications —These are considered under chronic 
urethritis. 

III. Routine Treatment of Acute Gonorrheal Urethritis—AcuTE 
ANTERIOR URETHRITIS—The intensity of the inflammation may vary 
within wide limits. In some, which for convenience may be termed hy- 
peracute, the local reaction is very intense, characterized by marked 
swelling and eversion of the meatus, swelling and redness of the glans and 
prepuce, profuse greenish-yellow purulent discharge, which may be blood 
streaked, and intense burning on urination. In others, which may be 
called moderately severe or acute cases, the local signs are much less 
marked. It is important to consider the intensity of the inflammation 
when beginning the treatment, because if injections are started too soon 
in the hyperacute type, the symptoms are aggravated, frequently caus- 
ing an extension into the deep urethra and prostate. 

When a patient with acute urethritis presents himself for treatment, 
the is examined as previously described. When the diagnosis of acute 
anterior gonorrhea has been made, the patient is given instructions re- 
garding cleanliness, diet, rest and sexual hygiene. 

Cleanliness.—The parts should be washed as often as necessary with 
soap and water. The discharge should be collected in a small gauze 
bag which is tied around the waist and in which the penis is placed. A 
number of these are on the market. If the prepuce is long, the glans 
penis may be thrust through a slit in the center of a square piece of 
gauze, over which the foreskin is then drawn. 

The patient is advised to wear a jock strap as a preventive of epi- 
didymitis. This, incidentally, serves to hold the cotton or gauze covering 
the glans. Packing the prepuce with gauze is a bad practice because it 
prevents proper drainage. The patient is warned of the danger to his 
eyes from contamination with gonorrheal pus. He is told to thoroughly 
wash his hands with soap and water every time he touches his penis. 

Diet —Meat in excess, highly seasoned or salty foods, sauces, condi- 
ments, strong tea or coffee, pickles, tomatoes and asparagus, should be 
avoided. Alcohol, ale, beer, cider and ginger ale are not allowed. Keyes’ 
rule, that any substance which burns the palate as it enters the body 
will burn the urethra as it issues forth (chemical not physical heat is 
meant), is a good one. 

Water.—About eight glasses of water should be drunk during the 
day. Sparkling water or French Vichy may be used. 

Kest—Patients are instructed to take as much rest as possible. It 
is better to ride than to walk and to sit rather than to stand. The shaking 
and jolting in railway trains and automobiles seems particularly in- 
jurious. 


Sexual Hygiene—Sexual intercourse must not be indulged in until 
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the disease is cured. Anything liable to induce sexual excitement, such 
as association with women, suggestive literature and pictures, should be 
avoided, otherwise the resulting congestion of the deep urethra and 
prostate favors the extension of the inflammation into these organs. 

Internal Medication.—The sandalwood oil emulsion (see p. 478) is 
given as long as there is a free urethral discharge. When the discharge 
is scanty and has changed from frank pus to a thin grayish mucus, 
there is nothing to be gained by giving the balsamics or, in fact, any 
other urinary antiseptics. The best guide is the appearance of the 
urine. So long as the urine is turbid (due to pus) sandalwood oil alone 
or in combination is kept up, provided it does not upset the digestion 
too much. If the patient objects to the taste of the emulsion, which is 
very disagreeable, sandalwood oil may be given in 10 minim capsules, 
one capsule three times a day after meals and on retiring. The authors 
prefer gonosan capsules; dosage, two capsules four times a day. Some 
patients tolerate the oil better on an empty stomach. Others 
do better when it is taken one hour after meals. 

In moderately severe cases, the patient can at once be placed on a 
hand injection of 14 per cent. protargol. The injection is made four 
times a day and retained for five minutes each time. Soaking the penis 
in hot water seems to intensify the action of the injection and to moderate 
the pain. Ten per cent. argyrol may be used instead. This is so messy, 
owing to its deep color, that protargol is preferable. As a rule, the 
pain caused by protargol in this strength lasts but a few moments and 
is readily borne. After three or four days, the strength of the injections 
can safely be raised to 14 per cent. If it produces severe or lasting pain 
it should be reduced to the former strength. Some urologists employ 
protargol up to 2 per cent. Our own experience has taught us that 
nothing is gained by these higher concentrations in acute urethritis. One 
per cent. may be employed. Usually, however, it causes irritation. 

In hyperacute cases, injections are not begun until the local symp- 
toms subside. This may be hastened by prolonged soaking of the penis 
in hot water. When the authors consider that the case is ready for local 
treatment, they inject one dram of 15 per cent. argyrol into the anterior 
urethra. This is retained for five minutes. This is repeated on the 
following day and if no irritation is produced the patient is instructed 
how to inject himself with the protargol solution. The silver salis are 
employed. as long as gonococci are present in the discharge or urine. 

When the gonococci can no longer be demonstrated, it is still the 
custom of many to employ an astringent injection of the following type: 


Aluminis 

Zinei sulphatis}............. Gi grains vi-xii (0.4-0.8 gram) 
Phenol 

GIVCONINT hee nd<.eoresdnte 588  ( 15.0 ec.) 
Aqua destillate .........6. ‘ ad 3iv (120.0 ¢.¢.) 


M. Sig.: Inject b.i.d. 
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The authors do not employ them, however, relying upon the astringent 
properties of silver nitrate. 

Office Treatment.—The duration of the disease may be shortened by 
treatment in the office. Flushing the urethra with warm protargol 
solution 14 to 14 per cent., temperature 100°-105° F. (37.8°-40.6° C.), 
materially hastens the disappearance of the discharge. This is performed 
once a day, until the discharge shows signs of letting up, when every 
other day will be sufficient. 

Protargol irrigations are kept up as long as the urine is cloudy, 
due to pus. 

When the urine is almost clear and contains shreds, then silver 
nitrate is the drug of choice. In weak solutions, its action is antiseptic 
and astringent. 

We begin with a 1-8000 solution, and gradually increase in strength, 
rarely exceeding 1-1000. The irrigations are preferably made with an 
irrigating Jar suspended about three feet above the level of the table. 
Irrigations are given on alternate days. Distilled water is preferable 
to tap water. The temperature of the water should be from 100°-105° F. 
The authors employ a stock solution of silver nitrate 100 per cent. 
strength for making dilutions. Two drops of this solution added to 1 
quart of water make approximately 1-800 dilution. 

The following table for increasing the strengths of silver nitrate 
solutions in both acute and chronic urethritis will be found useful: 


Ist day, 2 drops 100 per cent. AgNO, Solution = 1-8000 approximately 


3d “* 3 e = 1-6000 ~ 
5th “¢ 4 «¢¢ rz: C6 66 Gs ‘6 — 1.4000 66 
"th “ 5 “¢ 66 66 6G cs ‘6 — 1.3200 x3 
Oth “* 6 & 66 66k ‘6 “6 — 1.2800 66 
llth ‘* 7 *§ rz: 66 6G 66 rz; — 1-2300 66 
13th *“* 8 * é cc 66 cs rz: = 1-2000, ete. 


From the foregoing table it will be seen that the strength of the solution 
is increased one grain to the quart each time. 

If at any time the silver nitrate causes irritation, evidenced by in- 
creased pain following administration, weaker dilutions must be used. 
If used with judgment and proper strengths in the subsiding stages of 
the inflammation, better results will be obtained with silver nitrate irri- 
gations than with any other preparation. If on the other hand it 1s 
employed in the acute stage or in strong solutions, only harm will result. 
Furthermore, the patient should never be allowed to use the mtrate for 
hand injections. 

Frequently when employed in concentrations over 1-2000, a discharge 
may appear within a few hours, or the patient may notice it the follow- 
ing morning. Unless the solution is too strong, this discharge usually 
disappears promptly in the first twelve hours following irrigation and 
is of no significance. In all events, the irrigation must not be repeated 
wntil all signs of local reaction have disappeared. 


GONORRHEA IN THE MALE 487 


During the course of the disease certain symptoms call for special 
attention, such as: 

Chordee.—This distressing symptom can often be prevented by pro- 
longed soaking of the penis in hot water before retiring and the internal 
administration of the following: 


ly 

S0dli brOMidl. 4244 ¢565.cs0edesxee ne 31 ( 31.1 grams) 
Hyoscyamine hydrobromidi ........ grain 14 ( 0.016 gram) 
Aque menthw piperite............. ad 5iv (120.0 ec.) 


M. Sig.: 51 on retiring, to be repeated once during the night. 


Lupulin grains xxx-xl (2.0-2.6 grams) at bed time, monobromid of cam- 
phor grains v (0.3 gram) are sometimes effective. In specially severe 
eases the following rectal suppositories may be used, but with caution: 


Ij 

Morphine sulphatis ................4. grain 14 (0.016 gram) 
Quinine sulphatis .............-00000: grains x (0.65 gram) 
Olei theobromatis ............e000e- q.s. 


M. Ft. Rectal Suppository. 
Sig.: Insert one at bed time. 


The patient should be instructed to lie on his side. The time-honored 
method of tying a towel around his waist with the knot in the back may 
assist him in this. 

Ice water is useful when the penis is erect and in chordee. The 
patient usually urinates if he can and then by immersing the penis in 
cold water, he usually succeeds in reducing the erection. Slowly bending 
the rigid member downward and retaining it between the thighs often 
helps. 

Severe Burning on Urination—This symptom rarely calls for spe- 
cial attention in acute anterior urethritis. Diluting the urine by drink- 
ing freely of water usually moderates it. In severe cases the following 
mixture is useful: 


i} 

Liquoris potassii (U. S. P.)............06. 31 ( 30.0 ee.) 
Tincture hyoscyaml .........- cee eee eees 31 ( 380.0 cc.) 
Syrupi cinnamomi] ........-...eeeceeeeee ad 3iv (120.0 e.c.) 


M. Sig.: 5i in glass of water 2 h. p. e¢. 


Under the foregoing methodic treatment, favorable cases clear up 
in from six to eight weeks. The reader is referred to p. 512 for the 
various tests employed to determine whether the patient is cured. 

Acute Posterion URETHRITIS.—When gonorrheal inflammation in- 
volves the deep urethra, there is always some involvement of the pro- 
state gland. The degree of prostatic inflammation may be so slight that 
there is no apparent change which can be detected, or the entire gland 
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may be involved. Under this title we will consider the treatment of 
posterior urethritis unaccompanied by any palpable change in the 
prostate. 

During the treatment of acute anterior urethritis the urine voided 
in two glasses should be examined at each visit. The appearance of 
pus in the second glass denotes invasion of the posterior urethra. 

Local treatment of the posterior urethra will depend upon: 


(1) Intensity of the inflammation in the anterior urethra. 
(2) Intensity of the inflammation in the deep urethra. 


This brings the following types of cases up for consideration: 

(1) When the inflammation in the anterior urethra is very severe, 
no local treatment is applied to the posterior urethritis. 

(2) When the anterior urethritis is moderately severe and under 
control, treatment of the posterior urethra can be begun at once, except 
in the case mentioned under (3). 

(3) When the posterior urethritis is very severe, as shown by sub- 
jective symptoms of painful and frequent urination, tenesmus, etc., the 
physician can begin local treatment at once or wait until the severity 
of the symptoms subsides. 

The type of treatment will depend upon the experience of the physi- 
cian and the previous history of the patient. If pains and frequency 
increase or do not diminish under local treatment, it should be dis- 
continued. When in doubt stop all local treatment. 

Treatment of the posterior involvement is usually begun with instil- 
lation of argyrol 15 per cent. once or twice a day. If well tolerated 
25 per cent. argyrol is used. The patient at the same time keeps up 
the hand injections for the anterior urethra. The argyrol treatment 
is kept up until all subjective symptoms disappear and the second 
urine becomes clear. If the second urine still contains pus, or shreds 
persist, catheter irrigations of silver nitrate beginning with 1: 8000 and 
cautiously increased in strength are employed. 

When the anterior inflammation is very acute, all local treatment is 
stopped. Sandalwood oil is administered internally (see anterior ure- 
thritis), and the patient is told to rest as much as possible. It not in- 
frequently happens that, in the course of a few days, the second urine 
will clear up and no treatment of the deep urethra will be necessary. 
This applies only to the mild posterior involvement. If the subjective 
symptoms increase, the patient is put to bed, and a hot-water bag 
applied to the perineum. Hot rectal saline injections are given twice 
a day. The following formula will assist in moderating the frequency, 
burning and tenesmus: 


B 

Kalii (potassii) acetatis ............06.- 3i (31.1 grams) 
Tincture belladonne ............000e0ee 3ss ( 15.00 e.c.) 
Aque menthe piperite ...............-. ad Biv (120.00 e.c.) 


M. Sig.: 3i t.i.d. between meals in a glass of water. 


GONORRHEA IN THE MALE 489 


If the pain and frequency continue to increase, sedative supposi- 
tories of the following type may be employed: 


Morphine sulphatis ................ grain 14 (0.016 gram) 
Quinine sulphatis ................. grains x (0.65 gram) 
Olei theobromatis ..............00. 4.8. 


M. Ft. Rectal suppositories. 
To be inserted once or twice a day. 


i 

Morphine sulphatis ............... grain 14 (0.016 gram) 
ANDY TINE 6.5 00c bins eine idwws Son grains x (0.65 gram) 
Olei theobromatis ...............005 q.s. 


M. Ft. Rectal suppositories. 

To be inserted once or twice a day. These supposi- 
tories should be stopped as soon as the symptoms 
moderate. 


Some urologists recommend in these cases the instillation of 2 or 3 
drops of 5 to 10 per cent. silver nitrate, claiming that it often causes 
a marked diminution in pain. Although this procedure is of value in 
relieving irritability of the deep urethra, due to causes other than gonor- 
rhea, the writers do not recommend it in acute posterior gonorrhea, 
on account of the possibility of setting up an acute prostatitis or epi- 
didymitis. When the symptoms have subsided, treatment of the anterior 
and deep urethra is continued as described above. 

IV. Prophylaxis.—To avoid gonorrhea, the man should urinate im- 
mediately after coitus and thoroughly wash with soap and water. The 
use of a condom is a perfect safeguard against infection unless acci- 
dentally ruptured during coitus. 

The following therapeutic measures afford a reliable means of pre- 
venting infection, if employed within 6 hours after exposure ans no 
later than 12 hours: 

(1) Instillation in the meatus of 25 per cent. argyrol freshly pre- 
pared. 

(2) Injection of 3 per cent. protargol. 

(3) Irrigation of the anterior urethra with 1: 1000 potassium per- 
manganate. 

(4) U. S. Navy Prophylaxis: On his return from shore leave, the 
sailor washes his genitals with soap and water and urinates. An in- 
jection of 1 ¢.c. of 2 per cent. protargol containing 15 per cent. glycerin 
is retained for five minutes. To prevent syphilis, calomel ointment is 
applied to the external genitals and left on for two hours. 

V. Abortive Treatment.—The abortive method has for its object the 
quick cure of a beginning gonorrhea. Many methods of treatment have 
been advised, some more complicated than others. The originators are 
very enthusiastic over the results obtained by their respective methods. 
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Thus Frank and Lewin report 45 per cent. cures; Bierhoff 50 per cent. 
To insure success treatment must be begun within a few hours after the 
appearance of the discharge. 

It is the experience of most observers that only in exceptional cases 
is it possible to abort gonorrhea. Most are agreed that, although at 
times rapid cures are obtained in secondary gonorrhea, it is almost im- 
possible to abort a primary attack. The authors’ own experience has led 
them practically to give up any attempt to abort gonorrhea by any spe- 
cial method. They oceasionally obtain quick results with the routine 
treatment outlined in acute anterior urethritis. At any rate, if failure 
results from this method, no harm has been done, as is frequently the 
case when strong injections are made in attempting to abort the disease 
in a few days. 

The drugs employed are protargol ranging in strength from 1/6 to 
4 per cent., silver nitrate 1: 3000, argyrol 5 to 25 per cent., and potas- 
sium permanganate 1: 5000 to 1: 1000. 

For the detailed description of the various methods, the reader is 
referred to the larger special works on this subject. 


TREATMENT OF CHRONIC GONORRHEA IN THE MALE 


In beginning the treatment, the question of chronicity should, for 
the time being, be entirely disregarded. The treatment should be pal- 
liative, along the lines described under the acute infection. When the 
acute process subsides, then the case should be examined for chronic foci 
and the proper treatment for these applied. 

When a patient with chronic gonorrhea presents himself for treat- 
ment, it is essentially important for the physician to study the extent 
and nature of the lesions present, before outlining the treatinent. 

Frequently, the condition of the patient when first seen is very apt 
to mislead the examiner, unless a careful history is taken, and a thor- 
ough routine examination is made as described on page 469. 

Chronic cases of urethral or prostatic gonorrhea, when first seen dur- 
ing an acute exacerbation, are especially puzzling. Thus a chronie 
anterior urethritis may simulate an acute anterior inflammation of re- 
cent origin. This, in turn, may invade the deep urethra and prostate, 
or on the other hand, a chronic prostatic gonorrhea lights up and infects 
the anterior urethra. In this way, an acute relapse of a chronic gonor- 
rhea may obscure the location of chronic infected areas. 

A careful history will usually not only reveal the existence of a previ- 
ous infection, but also reveal certain symptoms which indicate that the 
patient had not been cured of previous attacks. 

When there is a history of many attacks of urethritis occurring 
within a short space of time, it is reasonable to assume that these, so- 
a acute attacks of gonorrhea, are acute relapses of a chronic gonor- 
rhea. 

In all chronic cases, the physician should also remember that in the 
great majority, probably 85 per cent., there is an involvement of the 
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deep urethra and prostate. Unless these cases are examined from this 
standpoint, many errors in diagnosis and failures in treatment will 
result. For therapeutic purposes, chronic gonorrhea may be classified 
as follows: (1) chronic anterior gonorrhea; (2) chronic posterior gonor- 
rhea; (3) chronic anteroposterior gonorrhea; (4) acute exacerbations 
of chronic gonorrhea. 

(1) Chronic Anterior Gonorrhea.—When chronic gonorrheal inflam- 
mation is present in the anterior urethra, the lesions most frequently 
responsible for the persistence of the infection are folliculitis and stric- 
ture. Fistule resulting from periurethral abscess may also be the under- 
lying cause. 

FOLLICULITIS.—This condition is readily diagnosed with the water 
dilatation urethroscope. The indications for treatment are (1) to cause 
absorption of the periglandular infiltrate, (2) to destroy the gonococci. 
The former is accomplished by dilatation, the latter by antiseptics. 

If an active urethral discharge is present the patient employs a hand 
injection of protargol 14, per cent. Twice a day is sufficient. The 
administration of internal urinary antiseptics is of doubtful benefit 
unless acute inflammation is present, or if the urine is turbid, due to pus. 

In quiescent cases, irrigations of the anterior urethra are given every 
second day. Silver nitrate is the remedy of choice. Weak dilutions 
should always be used in the beginning. It is always safe to start 
with 1-8000. The strength is gradually increased according to the 
method described on page 486. Usually the irrigations can be given 
every second day. They must not be repeated until the irritation (in- 
creased discharge and burning) produced by the previous treatment has 
subsided. 

Dilatation may be performed with metal sounds or dilators. The 
authors prefer the dilators (Figs. 7-10). If used with gentleness, less 
pain is caused and higher degrees of dilatation are obtained. Local 
anesthesia should never be employed to lessen the pain of dilatation 
because extreme pain is, in itself, a contraindication to dilatation. It 
is essential also to have a fair-sized meatus to facilitate instrumentation. 
If the meatus is less than 25 French, it should be cut to admit a 31 sound. 

To determine what size sound to begin with, olivary bougies are 
passed. A sound corresponding in size to the largest bougie which the 
urethra can readily admit, is lubricated and introduced into the urethra 
down to the ‘‘eut off’’ muscle. The urethra is then gently massaged 
over the sound. This assists in expressing little plugs of secretion from 
the mouths of the inflamed glands. Allowing the sound to remain in 
the urethra for 10 or 15 minutes, as was formerly the custom, is unneces- 
sary and may cause irritation and spasm. After dilatation, the urethra 
is irrigated with the silver nitrate solution. At the next visit a sound 
one number larger is inserted. If local treatment causes a marked increase 
in discharge and urethral tenderness and soreness it should be discon- 
tinued until all urethral irritation has subsided. When the urethral 
discharge has stopped and nothing but shreds remain, the hand injection 
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Fig. 7.—OBERLANDER'’S ANTEROPOSTERIOR URETHRAL DILATOR. 





Fie. 8.—KoLLMANN’s URETHRAL DiLator, TYPE USED For DILATING THE ANTERIOR URETHRA, 
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is discontinued and the treatment completed with dilatation and irri- 
gations. 

Special urethral dilators of the Oberlaender and Kollmann type give 
better results than the metal sounds, because in many cases of long-stand- 
ing inflammation, it is necessary to dilate the urethra as high as 35 or 
38 French. When dilators are employed, the blades should always be 
eovered with a rubber sheath. 
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The foregoing treatment usually clears up a case, in from 6 to 12 
weeks ; occasionally, we meet with cases that clear up to a certain point 
and then remain stationary despite all efforts. If these are urethro- 
scoped, one occasionally sees scattered here and there throughout the 
urethra, large gaping glandular openings surrounded by plaques of scar 
tissue frequently containing purulent plugs. It is our custom to intro- 
duce a fulgurating wire through the urethroscope and destroy the gland 
with the Oudin spark. This procedure should only be performed after 





Fig. 9.—KOLLMANN’S URETHRAL DILATOR, ANTEROPOSTERIOR DILATING BLADES. 
(Kny-Scheerer.) 


the urethra has received a thorough course of dilatation and irrigation. 

URETHRAL FistuLA.—Occasionally a persistent fistula, resulting from 
periurethral abscess, harbors gonococci, which from time to time cause 
acute relapses of urethral inflammation. 

When permanent fistula results, it should be treated by Chetwood’s 
method. A few drops of a 25 per cent. ethereal solution of hydrogen 
peroxid are injected, preferably through the urethral end of the fistula, 
employing a hypodermic needle with a blunt point. 








Fig. 10.—KoLLMANN’S URETHRAL DILATOR, BLADES FOR DILATING POSTERIOR URETHRA 
oR ProstaTE. (Kny-Scheerer.) 


If this is not successful, fulguration will sometimes obliterate the 
lumen. The wire is inserted as deeply as possible in the tract, either 
from the urethral side or, if that be impossible, in the outer opening, 
and the current turned on until bubbles of gas are seen escaping. Ir 
a week this can usually be repeated. 

If these methods are not effectual, a plastic operation must be done. 

STRICTURE.—Urethral stricture resulting from chronic gonorrhea has 
been variously described as linear, annular, tortuous, irregular, ete. 

For prognostic consideration the following points are important: 

(i) Location of the Stricture—Strictures located anterior to the 
penoscrotal junction are less serious and easier to treat than those situ- 
ated in the bulbous urethra. 
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(ii) Caliber of Stricture.—Infiltrations larger than 25 Fr. are readily 
dilated and rarely relapse or contract. Infiltrations smaller than 25 
Fr. show a tendency to contract after treatment. 

(iii) Is the Stricture Soft or Hard?—Soft infiltrations are of more 
recent origin and are readily dilated and rarely relapse. Hard infiltra- 
tions mean fixed connective tissue formations, which are difficult and 
frequently impossible to dilate. They frequently relapse after pro- 
longed dilatation. 

(iv) Is the Stricture Passable or Impassable?—A patient may have a 
fair urinary stream in spite of the fact that it is impossible to pass a 
dilating instrument through the urethra, owing to its irregular and 
tortuous course. These impassable strictures show a progressive 
tendency to contract and usually require operative measures for their 
relief. 

(1) Treatment of Stricture of Large Caliber.—Infiltrations larger 
than 15 Fr. come under this heading. 

In the passage of dilating instruments it should be borne in mind 
that the brutal passage of a sound, by bruising and tearing the inflamed 
urethra, sets up a sharp reaction which frequently causes further con- 
traction of the infiltrate by increasing the inflammatory exudate. 

The instrument properly sterilized and warmed is introduced into 
the urethra with the utmost care and gentleness. Its size should cor- 
respond to that of the bougie which has been passed through the stric- 
ture. When the sound has entered the bladder it is gently withdrawn 
at once. A second and a third sound may be passed if the first sound 
has entered easily. 

After the passage of sounds, the urethra and bladder are irrigated 
through a soft rubber catheter with 1-8000 silver nitrate solution. In 
addition, the patient is given hexamethylenamin, grains x (0.6 gram) 
before and immediately after instrumentation. 

If the treatment is not properly performed, epididymitis, urinary 
fever, and traumatism to the stricture may result. These complications 
not only aggravate the patient’s condition, but defeat the object of the 
treatment. They can usually be avoided by the administration of 
urotropin before and after instrumentation, gentleness in the passage 
of sounds and irrigation of the bladder and urethra immediately fol- 
lowing. 

The interval between the passage of sounds will depend entirely 
upon the reaction following. Usually, even after the most gentle instru- 
mentation, a local reaction of more or less intensity appears within 
24 hours. The succeeding dilatation should never be performed until 
the local reaction resulting from the previous treatment has completely 
subsided. Three days is nearly always a safe interval. 

At each subsequent visit, the dilatation is begun with a sound one or 
two numbers smaller than the last size introduced at the previous visit. 
The dilatation is then carried on as far as possible without the employ- 
ment of force. 

The “‘End Point’’ of Dilatation —Urologists differ on this point. 
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Some use the size of the urethral meatus as a gauge, providing it is not 
congenitally small or contracted by disease. Others disregard the meatus 
and dilate up to 31 or 32 French. 

The following course is recommended: Unless the penis is very small, 
the urethra is dilated until it will readily admit a 30 French sound. 
If the meatus is below 25 French, it is cut to 31 French. If larger 
than 25 French, sounds are passed until the size of the meatus is 
reached, after which the dilatation is completed with either Ober- 
laender or Kollmann dilators. 

Irritable and Bleeding Stricture.—Occasionally, even when the ut- 
most. gentleness is employed in passing sounds, profuse bleeding fol- 
lows. When this occurs, dilatation should be postponed, until the con- 
gestion has been diminished by a course of irrigations with silver nitrate 
solutions. In these cases, the use of the Oherlaender dilator instead of 
sounds is less apt to provoke hemorrhage. 

(2) Stricture of Small Caliber.—In this class belong strictures of 
less than 15 French caliber. The dilatation of these tight strictures 
is best begun with woven silk bougies, owing to the danger of making 
false passages when small metallic instruments are used. When the 
dilatation with small instruments has been carried up to 15 French, 
metallic instruments may then be employed. 

(3) Impassable Stricture —The urethral infiltrate may be so irregu- 
lar, nodular and tortuous that neither an olivary bougie or sound can 
be passed through it. Two types are met with: (1) uncomplicated 
impassable stricture, in which the patient can empty his bladder, al- 
though the urinary stream is small; (2) impassable stricture with re- 
tention. If the patient can void, every effort should be made to pass 
an instrument into the bladder. Perseverance, gentleness and _ skill 
very often succeed. 

Technie.—A 4 per cent. novocain solution with adrenalin (gtts. x: 
1 ounce) is injeeted in the urethra and retained for five minutes. A 
filiform is then introduced into the urethra. If it 1s caught, others are 
passed alongside, until the urethra is filled, after which, attempts are 
made to engage the stricture by manipulating one filiform after the 
other. If successful in passing a filiform into the bladder, a tunneled 
sound is threaded over the filiform and inserted into the bladder. 

If it is impossible to pass a filiform by this method, a water dilata- 
tion urethroscope (Fig. 1) is introdueed into the urethra down to 
the stricture and its orifice looked for. A filiform then 1s passed through 
the urethroseope and an attempt made to guide it through the stricture 
by direct observation. 

Impassable Stricture Complicated by Retention When retention 
occurs, the patient is placed in a hot bath for 15 to 20 minutes and 
should attempt to empty his bladder while in the bath. If he suc- 
eeeds, an attempt at dilatation should be made, as described in the 
foregoing section. 

If unsuccessful, the bladder should be aspirated every eight hours 
for one day by suprapubic puncture. If still unable to void, and an- 
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other attempt to introduce filiforms is unsuccessful, the stricture is 
considered impassable. 

Indications for Operation—The types of strictures requiring opera- 
tion are as follows: 

(1) Any stricture that resists dilatation or shows a tendency toward 
progressive contraction after a course of dilatation. 

(2) Impassable stricture, with or without retention. 

(3) Resilient stricture. 

(4) Tortuous nodular strictures of long standing, and irritable stric- 
tures complicated by severe cystitis are best treated by resection or 
division, especially when located behind the penoscrota] junction. 

Type of Operation.—In general, internal urethrotomy is performed 
for strictures located anterior to the penoscrotal junction. If the stric- 
ture is of long standing and of small caliber, and complicated by severe 
cystitis, perineal section is performed, in addition, for drainage. 

External urethrotomy is performed for strictures located behind 
the penoscrotal junction. 

When strictures are present in both the pendulous and deep urethra, 
the combined operation is performed. 

(2) Chronic Posterior Gonococcal Infection.—When gonococeal in- 
flammation invades the deep urethra, there is always some involvement 
of the prostate. This involvement may be mild or severe. The saine 
holds true for the seminal vesicles; they rarely eseape infection when 
the prostate is affected, owing to their close anatomical relationship. 

As a result of chronic inflammation certain changes take place in 
these structures. The infection first invades the ducts of the prostatic 
glands and later the glands themselves. At the same time, an inflam- 
matory exudate is deposited in the parenchyma of the glands and also 
between them in the interstitial tissues. This infiltration causes the 
mucous membrane of the acini to become swollen. The lumen of the 
gland ducts becomes narrowed, so that the drainage of inflammatory 
products produced within the glands themselves is interfered with. 

The inflammation frequently extends through the ejaculatory ducts 
and involves the seminal vesicles. The mucous membrane of the ducts 
becomes swollen and the lumen narrowed, causing retention of products 
and suppuration within the vesicles. 

The same changes take place in the urethra and verumontanum, so 
that if the condition is not relieved, the round-cell infiltration becomes 
organized and sclerosis results. This sclerosis causes either partial or 
complete obstruction of many of the prostatic glands, resulting finally 
in obliteration of the ducts with focal suppuration and destruction of 
the prostatic parenchyma. 

As a result of these changes, the deep urethra becomes hypersensitive, 
the secretions of the prostate and vesicles become altered and symp- 
toms of irritable or atonic impotence, sexual neurasthenia and sterility 
are added to the clinical picture. 

The indications for treatment are (1) to cause absorption of the 
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inflammatory exudate, thereby restoring glandular drainage and func- 
tion; (2) to destroy the gonococcus. 

To accomplish this, the following measures are employed: 

(1) Massage of the prostate and vesicles. 

(2) Dilatation. 

(3) Irrigations and instillations. 

(4) Heat. 

(5) Urethroscopic treatment. 

(6) Operative treatment. 

MASSAGE.—The object of massage is to expel the purulent material 
plugging the ducts of the prostatic glands and also to express the 
accumulated secretions in them. 

Techmc.—A rubber cot is placed over the index finger. A 2-inch 
bandage is wrapped around the knuckles to protect them from being 
soiled. The finger cot is then lubricated with vaselin and gently in- 
serted through the anal sphincter into the rectum. 

The prostate is then gently but thoroughly massaged by a side-to-side 
motion, beginning at the upper borders of the gland and gradually reach- 
ing the apex. This manipulation is continued for several minutes if 
well tolerated. 

The vesicles are next treated similarly. The finger reaches up as 
far as possible and presses upon the vesicle, gradually withdrawing the 
finger with a to-and-fro lateral motion until the prostate 1s reached. 
Special attention should be given to the junction of the vesicles and 
prostate, because at this point there is usually a deposit of periprostatic 
exudate. The massage of the vesicles is kept up until there is a distinct 
reduction in size. Any secretion expelled through the urethra is placed 
on a Slide and examined for pus and gonococci. If well borne, massage 
can be given three times a week, and is kept up until all pus disappears. 

Contra-indications—Massage should be kept up if it relieves the 
subjective symptoms. If it increases them, then it 1s harmful. Mas- 
sage is dangerous in acute inflammation of the urethra, prostate, vesicles 
and epididymis. If bleeding follows, the manipulation has either been 
too severe or there is an acute process, either in the vesicles or in some 
part of the prostate. When this occurs, massage should be diseon- 
tinued until bleeding has completely stopped. 

DiILATATION.—Dilatation of the prostatic urethra helps to promote 
absorption of urethral and periurethral infiltrations. 

The instrument most suitable for dilating is the posterior Koll- 
mann dilator. With this instrument, the urethra can be dilated up to 
45 or 50 French. Some urologists prefer the irrigating type of the 
Kollmann dilator. The authors do not employ them. They rust at 
the joints and get out of order very easily; furthermore, they are hard 
to keep clean. 

Technic.—The instrument should always be covered with a rubber 
sheath. It is lubricated by dipping into sterile glycerin and gently 
inserted into the deep urethra. The dilating screw on the handle-end 


is then turned until the patient complains of pain. At the next treat- 
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ment, the dilatation is carried one number higher. Usually dilatation 
up to 40 Fr. is sufficient for most cases. Dilatation is usually tolerated 
twice a week. Dilatation may be well borne three times a week. 

Contra-indications—When the urine contains free pus or the gono- 
cocci persist, dilatation is dangerous. When the urine is only slightly 
cloudy and contains many shreds, dilatation is most serviceable and 
practically free from danger. Still one should always remember that if 
it is too rapidly or too frequently performed, acute prostatitis or epi- 
didymitis may result. If excessive bleeding follows, it should not. be re- 
peated until the patient has received a course of massage and irrigations. 

[RRIGATIONS.—The drug of choice is silver nitrate, beginning with 
1-8000 and gradually increasing in strength, administered according to 
the methods previously described. 

INSTILLATIONS.—In the terminal stages of chronie posterior urethri- 
tis, when shreds and pus still persist in the morning urine, urethroscopic 
examinations may reveal erosions and granulations in the lateral pros- 
tatic sinuses. These usually respond to instillations of nitrate of silver, 
beginning with 1% per cent. and gradually increasing to 3 per cent. If 
they still persist, stronger solutions applied through the urethroscope 
are necessary to destroy them. 

URETHROSCOPIC TREATMENT.—This form of treatment is occasionally 
indicated in the terminal stages of chronic posterior urethritis, when 
granulations, erosions, papillomata and polypoid excrescences are present 
in the urethra. 

The drug employed is silver nitrate in strengths ranging from 5 to 
20 per cent. The stronger solutions should be carefully applied with 
cotton mopped around fine applicators, at intervals of 5 to 10 days, the 
interval depending on the intensity of the reaction. 

The Young straight urethroscopic tube is reeommended in preference 
to the beaked posterior urethroscopes of the Swinbourne type. 

The previous instillation of 4 per cent. novocain, aposthesin or 
alypin lessens the pain of the manipulation. 

Urethroscopic applications are sometimes useful when the veru- 
montanum remains large and edematous, giving rise to urethral irri- 
tability and neurasthenia. 

Tlzat.—Heat is applied to the prostate and vesicles through the 
rectum, either by means of the bipolar high frequency current or the 
hot rectal douche. 

Hot rectal douches may be given either with a closed metal tube, 
the psychrophore, or through a double current tube, of the Chetwood, 
Guiteras or Tuttle type. The patient fills a two-quart douche bag with 
water and suspends it about three fect above the toilet seat. He then 
seats himself and inserts the lubricated tube into the rectum for about 
four inches and turns on the water. The temperature of the water is 
usually 120° F. (48.9° C.), or as hot as the finger can bear. The douche 
should be repeated daily and stopped when the bowel becomes irritated. 

Heat may be applied to the prostate by the D’Arsonval current. 
The patient is placed on the table and a thick metal electrode is placed 
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in the rectum. Another large flat electrode is placed over the supra- 
pubic region. From 800 to 1500 milliamperes may be borne comfort- 
ably for 15 to 20 minutes. 

OPERATIVE TREATMENT.—In the absence of stricture or abscess, opera- 
tive procedures are rarely called for in cases of chronic gonorrhea. 
In order to cure persistent infection of the seminal vesicles, Belfield 
advocates exposing the vas through an incision in the scrotum. He 
then incises the vas and injects into the proximal end, either 10 per 
cent. argyrol or 4 per cent. collargol and fixes the duct in the wound 
so that any discharge will escape through the wound itself and not 
into the scrotum. The object of the operation is to secure antisepsis 
and drainage of the vesicles. Excellent results are claimed by him from 
this operation. Fuller recommends vesiculotomy through a perineal in- 
cision. There is no doubt that his operation unquestionably relieves the 
rheumati¢ pains in a great many cases; on the other hand, it frequently 
fails. Cabot recommends vesiculectomy, claiming that it is impossible to 
drain a tortuous tube like the vesicle by simple incision. The objec- 
tion to his operation is that it is very frequently followed by impotence. 

Experience has shown that these operative procedures should be 
employed only in intractable cases after every other method has been 
thoroughly tried out. 

ROUTINE TREATMENT OF CHRONIC POSTERIOR GONORRHEA.—The type 
of treatment will depend upon whether the second urine is clear, with 
shreds, or slightly cloudy (due to small amounts of free pus). 

In the former instance, when the urine is clear but contains many 
shreds, the treatment is begun with silver nitrate irrigations given 
through a catheter (see page 483), beginning with 1: 8000. These irri- 
gations are given every other day. Usually after a week massage may 
be begun. 

The patient reports with a full bladder. He voids the first half of 
the urine in two glasses. The prostate and vesicles are then gently but 
thoroughly massaged, after which the patient voids the remainder of 
the urine. The urines are examined. The treatment is completed by 
an irrigation of nitrate of silver. Some urologists inject argyrol into 
the bladder or distend it with the silver solution, claiming that it is 
easier to massage the vesicles and prostate when the bladder is full and 
also that epididymitis is prevented in this way. The authors find 
this preliminary antisepsis unnecessary and cumbersome.  Further- 
more, it is much more trying to the patient to be massaged when the 
bladder is filled with silver solution. 

When the urine clears up and it is seen that local treatment is well 
tolerated, dilatation may be begun. The routine is as follows: 

Ilaving massaged the prostate and vesicles, as previously described, 
the patient is placed on the table. The Kollmann dilator, properly lubri- 
cated, is introduced and dilatation performed until pain is complained 
of. The dilator is then gently withdrawn, after which an irrigation of 
silver nitrate is given. 

The intervals between treatments will depend entirely upon the tem- 
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per of the urethra. Some patients tolerate treatment three times a 
week, others less often. If dilatation causes most irritation, it should 
be given less often than massage and irrigations. In all cases, the treat- 
ment. is not repeated until all reaction from the previous one has ceased. 

If symptoms of over-treatment occur, as shown by increasing cloudi- 
ness of urine and irritability of the urethra (frequency and precipi- 
tancy of urination), all local treatment is stopped until they have sub- 
sided. 

When the second urine contains much free pus, it is safer to begin 
the treatment with the organic silver salts, preferably argyrol 20 per 
cent. freshly prepared. Instillations are given every day. When the 
urine becomes almost clear, and it is determined that local treatment is 
tolerated, then the local treatment previously described is cautiously 
begun. 

(3) Chronic Anteroposterior Gonorrhea.—When the infection in- 
volves the anterior as well as the posterior urethra, it 1s impossible to 
outline a routine method which will apply to all cases, because it is 
sometimes difficult to decide, in the beginning, which of the various 
lesions along the urethra or in the prostate is the important one re- 
quiring immediate attention. It is important, however, to bear in mind 
that whatever form of local treatment is given it should be for the 
definite purpose of curing a known lesion. The effect of treatment 
should be closely watched. Unless improvement is noted, the treatment 
must be changed. To the beginner, the management of these cases is 
at times perplexing and disappointing. 

The various therapeutic procedures have already been described in 
detail; their proper application will depend entirely upon the experi- 
ence and judgment of the physician. 

(4) Acute Exacerbations of Chronic Gonorrhea.—The managemert 
of these cases will depend entirely upon the symptomatology, physical 
signs and urinary findings. At times, they simulate acute anterior 
urethritis, others appear as acute posterior infections, while a third 
variety shows symptoms of both acute anterior and posterior involve- 
ment. 


COMPLICATIONS OF GONORRHEAL URETHRITIS AND THEIR TREATMENT 


Genito-urinary Complications.—FoLLIcuLitis.—As a result of sup- 
purations of one or more urethral follicles, retention of pus may occur, 
forming small abscesses. These usually escape notice during the acute 
stage of the disease. When they occur during the declining stage, they 
cause a characteristic return of symptoms. After a day or two of indefi- 
nite localized itching or uneasiness, the discharge, which previously was 
very scant and mucoid in character, becomes profuse and purulent. 
The meatus may even become inflamed. The characteristic feature of 
the discharge is that it lasts but a short time, and stops as suddenly as 
it began. 

freatment.—During the acute stage no special treatment is required. 
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The usual local treatment of urethritis, if persisted in, will nearly always 
clear up the abscesses. The treatment of acute relapses of chronic follic- 
ulitis will be considered under chronic urethritis. 

PERIURETHRAL ABSCESS.—The suppurative process from an infected 
urethral gland may extend to the periurethral connective tissue. These 
abscesses usually appear alongside the frenum, in the pendulous por- 
tion, or in the perineum, in which case Cowper’s glands may be involved. 
Abscesses forming beside the frenum grow rapidly. They either open 
spontaneously or require incision. In cither case, they may close spon- 
taneously or require special treatment for their cure. When the re- 
sulting fistula shows no tendency to close it should be injected with a 
25 per cent. ethereal solution of hydrogen peroxid, preferably through 
the urethral end. This may be repeated every three days until the 
fistula closes. If it does not yield to this treatment, a plastic operation 
is necessary. 

Periurethral abscess of the pendulous portion usually develops quite 
slowly. It either resolves or ruptures into the urethra. More frequently, 
it invades the skin and points directly opposite the point of origin. 
More rarely, the pus may travel beneath the fascia for a considerable 
distance before rupturing externally, unless promptly excised. The 
fistulas, unless large, heal spontaneously. The treatment consists in 
laying the abscess cavity open freely as soon as fluctuation is noticed, 
evacuating the pus and allowing it to heal by granulation. 

In abscess formation in Cowper’s glands, the abscess usually appears 
on one side of the median line. The pus may travel some distance be- 
neath the deep fascia before breaking through, causing extensive perineal 
infiltration, and frequently multiple persistent fistulas. The treatment 
is wide and free excision. 

SPONGEITIS AND CAVERNITIS.—Inflammation of the erectile tissues is 
an extremely rare complication of gonorrhea. The treatment consists 
of rest in bed, hot or cold applications, and incision if abscess occurs. 

INGUINAL ADENITIS, LYMPHANGITIS.—These complications are due to 
the extension of the gonorrhea beyond the urethra. The adenitis consists 
of an inflammatory enlargement of the glands in the groin, which rarely 
suppurate. 

Special treatment is rarely necessary. If marked, or if pain is 
present, the patient is put to bed and heat or cold applied. Painting 
the skin over the gland with iodin and applying a glycerin compress 
seems to hasten resolution and relieve pain in severe cases. If sup- 
puration occurs it should be treated as bubo. 

BALANITIS.—This consists of an inflammation of the mucous mem- 
brane of the prepuce and glans penis. It occurs in men with long fore- 
skins and in persons of uncleanly habits. 

The treatment consists in bathing the parts with soap and water. If 
much inflammation and discharge are present, a small pledget of cotton 
is soaked in lotio nigra. This is placed around the glans and the fore- 
skin is drawn over it. Later the following dusting powder is used: 
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Bismuthi subnitratis 

Calomel 48 Sii (8.0 grams) 
Acidi borici 

M. Ft. Pulv. 


Sig.: Apply externally. 


Sometimes the swelling of the foreskin is so great that it cannot be 
retracted. This condition is called phimosis. The treatment consists in 
prolonged soaking of the penis in hot water. The patient should also 
be instructed to inject protargol 14 per cent. under the foreskin. If 
the swelling and edema persist or if gangrene threatens, an incision is 
made through the prepuce on its dorsal aspect. This can be done pain- 
lessly under local anesthesia. Sometimes a long and tight prepuce 1s 
caught behind the glans and cannot be drawn over it. This is called 
paraphimosis. The treatment consists in drawing the foreskin over the 
glans by manipulation. In severe cases, preliminary prolonged soaking 
in hot water facilitates the reduction. If it is impossible to accomplish 
this, the constricting band should be incised on the dorsum, which gen- 
erally permits prompt reduction. 

ACUTE PROSTATITIS AND Prostatic ABSCEsS.—Acute gonorrheal in- 
flammation of the prostate occurs in all degrees of severity. The 
prostatitis may be so mild as to add scarcely any symptoms to those of 
urethritis. When there is marked involvement, definite constitutional 
and local symptoms are present. Since acute prostatitis cannot be dif- 
ferentiated from prostatic abscess thev will be considered together. 

Increase in Local Symptoms of Posterior Urethritis—In addition, the 
patient complains of a dull aching or throbbing pain, which is felt 
either in the rectum, hypogastrium or in the pelvis, radiating down to 
the testicles and thighs. 

Dysuria.—In addition to frequency and urgency of urination, the 
urinary stream 1s smaller and weaker. It may be intermittent. In 
marked enlargements, complete retention may occur. Defecation may be 
painful and difficult. 

Jhills and Fever.—Very often a severe chill ushers in the febrile 
period. The degree of fever is no index, however, to the degree of the 
prostatic involvement. Quite frequently, there is an absence of fever 
In severe cases. 

Local Signs.—One or both lobes of the prostate are always enlarged. 
When the whole gland is involved, it may become so large that it is 
impossible to reach its upper border with the examining finger. The 
gland feels hot, hard and is tender to the touch. 

Resolution may occur or the inflammation may become chronic. The 
abscess may rupture into the urethra, rectum or into the periprostatic 
tissue, causing ischiorectal abscess. 

Most prostatic abscesses, fortunately, rupture into the deep urethra. 
Sometimes they point into the rectum or perineum. In rare instances, 
the pus, burrowing forward into the perineum, extends along the corpus 
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cavernosum, causing considerable infiltration and slough. It has been 
known to follow the various fascial planes and point in the inguinal 
canal and even in the space of Retzius, in neglected cases. 

Treatment.—As soon as the complication is recognized, all urethral 
treatment is stopped. In mild cases the treatment is that of acute pos- 
terior urethritis. Hot rectal douches are ordered twice a day. Vac- 
cines are indicated. Their prompt administration may sometimes pre- 
vent or abort abscess formation. 

In severe cases, where there is much urinary distress and fever, the 
patient is put to bed and a hot-water bag applied to the perineum. 
Hot rectal douches are given every four hours. To relieve the urgency 
and tenesmus attending urination, the following rectal suppository will 
be found useful: 


i 

Morphine sulphatis ......... grain 14 (0.016 gram) 
Quinine sulphatis ......... grains x (0.65 gram) 
Olei theobromatis........... q.s. 


M. Ft. Reetal suppositories. 
Sig.: Insert 2 to 3 times a day. 


If there is acute retention, the bladder is emptied with a soft rubber 
catheter, size 12 to 14 French, every six hours, after which 1 ounce 
(15 ec.) of 10 per cent. argyrol is instilled into the bladder and deep 
urethra. If, in spite of this treatment, acute retention is not relieved in 
a few days, or if the temperature remains high and there is prostration, 
surgical interference is indicated. Opening the abscess through the 
perineal route gives prompt relief, thereby preventing the miserable and 
even fatal results following prolonged palliative treatment. 

SEMINAL VESICULITIS.—Acute seminal vesiculitis always occurs in con- 
junction with acute posterior urethritis and prostatitis. It usually adds 
nothing to the symptomatology, except that in rare instances, when there 
is a marked unilateral involvement, the patient may complain of pain 
in the groin or in the lumbar region on the corresponding side. Occa- 
sionally, a rather profuse terminal hematuria ushers in a vesiculitis. 

By rectum, the vesicles feel thickened, hot and very tender. If there 
is pus retention, a tense sausage-like tumor is felt above the prostate 
on one or both sides. The abscess usually terminates by resolution, but 
may rupture into the rectum, peritoneum or ischiorectal fossa. 

Treatment.—The treatment of acute seminal vesiculitis is the palli- 
ative treatment of acute prostatitis. If an abscess forms and shows a 
tendency to spread, vesiculotomy is indicated. 

Epipipymitis.—Inflammation of the epididymis is caused by the 
passage of gonococci from the posterior urethra through the vas deferens, 
or by extension of the inflammation along the lymphatics of these canals. 

The inflammation is usually limited to the epididymis, although the 
testicle is often apparently enlarged, because it is surrounded by the 
inflamed epididymis. Frequently, there is an effusion of serum in the 
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sac of the tunica vaginalis, causing the testicle to appear larger than 
normal. 

Etiology—tThe direct causative factor is invasion by the gonococcus. 
Some patients are more prone to epididymitis than others, because, in 
spite of every precaution, this complication will occur; while others, 
disregardng all hygienic precautions, go about with an acute gonor- 
rhea, indulge in sexual excesses and alcohol and yet escape. <Abortive 
and strenuous local treatment are, very frequently, exciting factors. 

If the modern moderate local treatment is properly administered and 
if the patient wears a well-fitting suspensory bandage and abstains 
from violent exercise—horse-back riding, dancing, sexual excitement and 
the use of aleohol—in most instances he will escape this complication. 

Pathology.—The inflammation begins in the globus minor. If mild, 
the infection is confined to this end of the epididymis. If severe, it 
may extend throughout the organ, causing infiltration, hardening and 
enlargement with the formation of focal abscesses. The tunica may be- 
come acutely inflamed and hydrocele result, but the testicle rarely takes 
part in the inflammation. The vas deferens may be slightly thickened 
and tender. 

Symptoms.—An indefinite dragging sensation is first felt in the tes- 
ticle, radiating upward into the groin. Pain and swelling of the epididy- 
mis comes on rapidly. Within a few hours, the epididymis is large, 
hot and exquisitely tender. The scrotal tissues may become red, thick- 
ened and edematous. The inflamed mass may reach the size of a fist. 
Standing, walking, bending or lifting aggravates the pain. 

The urethral discharge usually disappears or diminishes noticeably 
with the onset of the epididymitis, only to reappear again when the 
inflammation subsides. 

Examination shows the epididymis enlarged, hard and tender. The 
testicles cannot be outlined. The spermatic cord is thickened and tender. 

Prognosis.—As the inflammation advances, the pain and swelling in- 
crease in intensity. Within a few days the symptoms gradually subside. 
Resolution begins rapidly, but progresses more and more slowly, until 
it seems to remain stationary. The globus minor is the last to clear up. 
The little hard Jump in the epididymis known sometimes as the ‘‘ gonor- 
rheal nodule’’ may be permanent. It causes no uneasiness and is not 
sensitive to pressure. 

There is no danger to life, sexual desire or potency. Sterility of 
the affected side is not uncommon. Relapses may occur. If both sides have 
been affected, sterility may be caused by the formation of a permanent 
inflammatory infiltrate, plugging up or compressing the efferent duct 
of the epididymis. Atrophy of the testicle never occurs, unless there 
has been an accompanying orchitis. 

Treatment.—Much can be done to avoid this complication by using 
the utmost care and gentleness in the treatment of posterior urethritis. 
Vigorous local treatment when begun too soon, or rough instrumentation, 
may be exciting factors. 

The patient should be instructed to wear a proper-fitting suspensory 


Practice of Medicine—Tice. 


a9 Insert following page 504, Vol. ITI. 


(Do not take out any old page.) 


SCROTAL SUPPORT. 





Tlu. oa 


This support devised in Bellevue Hospital and made of adhesive 
will be found far superior to any jock strap or suspensory on the 
market. When properly apphed the patient can attend to his work in 
comparative comfort. 

It consists of a strip of adhesive plaster thirty inches long and three 
inches wide A-B. At a point near the midline are attached two strips 
of plaster one half inch wiue and twenty inches long E-E. To prevent 
the plaster from adhering to the scrotum, a shorter strip eight inches 
Jong and three inches wide C-D is apphed to the middle portion of A-B. 
The strip A-B acts as a sling for the serotal contents, as shown in Fig. 
5 b, the exposed adhesive side being applied to the sides of the abdo- 
men. The patient lies on his back while the surgeon holding the scrotum 
well up towards the abdomen with one hand adjusts the support as in 
Fig. 5 b, after which the strips E-E are drawn backward between the 
thighs and well around them. These serve to hold the sling in position, 
preventing it from slipping forward. The support is reinforced by ad- 
ditional strips similar to A-B, and several more transversely placed 
above the symphysis. Before applying the plaster the scrotum is cov- 
ered with absorbent cotton or gauze. — 
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only, which do not yield to treatment, and for persistently recurring 
cases. 

Rena INFEcTION.—Renal infection due to gonorrhea is rare. Pyelo- 
nephritis may occur in very severe cases. Usually it is mild in its 
course. The treatment is similar to that for pyelonephritis due to 
other bacteria. 

Bones and Joints.—GoNoRRHEAL RHEUMATISM.—The term, ‘“gonor- 
rheal rheumatism,’’ includes all metastatic gonococeal inflammations 
involving the synovial membranes of joints, tendon sheaths, burs, etc. 

Occurrence.—))ifferent observers have estimated that rheumatism 
occurs in from 2 to 8 per cent. of cases of gonocoecal infection. It is 
difficult to arrive at anything approaching an accurate conclusion, espe- 
cially in those cases where there is an apparent absence of local genital 
or urethral infection, because so many cases of gonococcal rheumatism 
are not diagnosed, as such, owing to lack of knowledge or to suppression 
of a previous history of gonorrhea. 

Males are more liable than females. In young girls and children, 
the tendency to rheumatism is more pronounced than in adult females; 
it may follow vulvovaginitis or ophthalmia neonatorum. 

One or several joints may be affected. In order of relative frequency, 
the joints involved are the knee, ankle, wrist, fingers and great toes, 
elbow, shoulder, hip and jaw. Tenosynovitis and periarticular involve- 
ment should excite suspicion as to the nature of the inflammation. 

Pathology.—The gonococeus reaches the synovial membranes by the 
blood stream. Round-cell infiltration of the tissues, edeina and _ sero- 
fibrinous effusion follow. Later, adhesions are produced which limit the 
movements of the parts. The inflammation may go on to pus formation. 
Secondary infection by staphylococci or streptococe! may supervene, In 
which case, erosions of the cartilage and destruction of the joint may 
be expected. 

Clinical Forms.—Clinically, the following types are met with: 

(1) Arthritic, in which one or several joints may become involved. 

(2) Hydrarthrosis, usually monarticular, particularly liable to in- 
volve the knee. 

(3) Bursal or synovial form, in which the tendons and their sheaths, 
burse (eg., of the patella, the olecranon or the tendo achillis) and 
periosteum are involved. The articulations may not be affected. 

(4) Arthralgic, in which there are wandering joint ae with or 
without redness and swelling. 

Keyes employs the following classification : 

(i) Gonorrheal arthritis, in which the organisms are located in the 
joint itself, and 

(ii) Gonerrheal osteo-arthritis, in which the gonococci are localized 
in the articular extremities of the bones, and any effusion into the joints 
is secondary. 

Symptoms.—In the acute type the onset is sudden, the temperature 
rising to 108° F. (39.4° C.). The inflammation begins like an attack of 
acute articular rheumatism, with redness, swelling, extreme tenderness 
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and loss of function. There is usually some effusion into and around 
the joints. In severe cases, the tendon sheaths and burs become in- 
volved, with increase of the effusion in the joint and also periarticular 
edema. The onset may be subacute, with local pain and tenderness and 
moderate to severe disability. The duration of the attack is usually 
long. The mildest lesion may persist for months. 

Diagnosis —When acute rheumatism oceurs during the course of 
gonorrhea, the diagnosis is not difficult. Marked swelling of a joint, 
with periarticular involvement, giving a fusiform appearance to the 
joint, and a positive complement-fixation test fix the diagnosis. 

Chronic gonorrheal arthritis is differentiated from other forms of 
arthritis by means of the complement-fixation test. 

When acute rheumatism occurs, in cases with no history of gonorrhea 
or apparently no urethral or genital lesion, in which there is no perspira- 
tion and no response to the salicylates, the serum reaction will prove of 
service in making a diagnosis. 

Sometimes the gonococeus can be identified in the fluid aspirated from 
the joint. Frequently, the fluid does not vield the organism. In addi- 
tion, a careful routine examination should be made of the urinary and 
genital tracts. 

Treatment.—Proper local and internal treatment of the urethritis 
is the best prophylactic. If fever appears during the course of a gonor- 
rhea, the administration of vaccines may possibly have a prophylactic 
action. 

With the onset of the attack, the patient is put to bed. For the relief 
of pain, the joint is immobilized with a light splint, preferably of 
plaster-of-Paris. The Bier treatment, or exposure of the joint to hot 
air, should be employed. If the pain is severe, applications of equal 
parts of ichthyol and glycerin may afford relief. When the pain is 
very severe, stroking the joint lightly with the actual cautery frequently 
gives immediate relief. 

The use of vaccines in some cases often gives definite and satisfac- 
tory results; in others, the results are entirely negative. 

The tendency to the formation of adhesions must be kept in mind 
and gentle passive motion employed to prevent ankylosis, remembering, 
however, that too early or too forcible passive movements may light up 
a subsiding inflammation. 

The usual antirheumatic remedies are usually quite useless. 

The diet should be ample and similar to that in chronic gonorrhea. 
Restrictions are not necessary. 

Systematic gentle Massage, in the subsiding stages of the inflamma- 
tion, helps to diminish the muscular atrophy occurring in the prolonged 
chronic eases. 

{f the effusion into the joint is not arrested by immobilization and 
baking, the fluid should be aspirated under the most careful asepsis. 
In most cases this is unnecessary. Fuller advises seminal vesiculotomy 
in these cases on the ground that the local focus, which causes systemic 
infection, is present in the seminal vesicles. The precise status of this 
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operation, in the treatment of gonorrheal rheumatism, is not yet defi- 
nitely established. In some cases it succeeds, in others it fails. 

The prostate and vesicles should be gently and thoroughly massaged 
every day unless they are acutely inflamed. Resulting deformities and 
loss of function are treated by orthopedic methods. 

EXostosis OF THE Os Catcis.—The inflammation begins as a peri- 
ostitis or myositis at the attachment of the flexor brevis digitorum to 
the tubercle of the os calcis. When the acute inflammation subsides, 
an exostosis forms. Pressure upon this while walking causes great pain. 
The diagnosis is made by radiography. The treatment is chiselmg away 
of the exostosis through an incision along the inner side of the heel. 

Gonococcal Affections of the Heart and Blood-vessels.—ENpocarpI- 
TIs.—Ricord in 1847, and Brandes in 1854, were among the first to recog- 
nize that endocarditis could be caused by gonococci circulating in the 
blood of susceptible patients suffering from gonorrhea. In 1895, Thayer 
and Blumer cultivated the gonococcus from the blood of a patient suf- 
fering from acute endocarditis. 

Pathology.—No characteristic feature has been described which would 
differentiate the gonococcal from other forms of endocardial inflamma- 
tions. Vegetations composed of fibrin and infiltrated with leukocytes 
and gonococci, erosions, ulcerations and valvular destruction are found. 
The diagnosis is dependent on the isolation of the gonococcus. A few 
cases, in which streptococci and staphylococci were found in conjune- 
tion with gonococcl, have been reported. 

Symptoms.—In most cases, the symptoms are less acute than in 
ulcerative endocarditis due to other organisms. Temperature ranges 
from 101°-108° F. (38.3°-39.4° F.). Dyspnea, precordial distress and 
palpitations are present. Sooner or later, the usual auscultatory signs 
appear. The lesions are usually confined to the left side of the heart. The 
relative frequency in which the various valves are involved is as follows: 


Mitral, 48 per cent. 
Aortic, 39 per cent. 
Pulmonary, 5.3 per cent. 
Tricuspid, 2.6 per cent. 


Embolic metastasis may involve the spleen, liver, kidneys, etc. Men 
are more frequently attacked than women, and women are more sus- 
ceptible during pregnancy and the puerperium. 

Treatment.—The treatment will be described under septicemia. 

PERICARDITIS.—This occurs very infrequently. The amount of effu- 
sion is seldom great. In rare cases, aspiration was required to relieve 
the dyspnea. The fluid may be serous, serofibrinous or purulent. 

PHLEBITIS.—The prostatic plexus of veins and the pampiniform 
plexus of the spermatic cord and of the broad ligament are the most 
common areas to be primarily affected. 

Treatment.—In addition to the care of the genital focus and of the 
septicemia, complete rest of the affected parts should be secured. 

GonococcaL SeprTiceMIA.—The first to separate the gonococecus from 
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the blood stream was Hewes, who, in 1894, isolated the organism from 
the blood obtained from a case of gonorrheal arthritis. 

Lofaro believes that the gonococcus reaches the blood through the 
lymphatics, but 1n some cases direct entry into a blood-vessel, associ- 
ated perhaps with venous thrombosis, 1s the origin of the systemic infec- 
tion. Owing to a deficiency in the resistance of the individual, sep- 
ticemia results, which may either run a short acute course ending in 
recovery or death, or it may become chronic, with a liability to acute 
exacerbations. 

Predisposing Factors—-Among these are traumatism, caused by un- 
skillful instrumentation, aleoholic and sexual excess, menstruation, preg- 
nancy and any general condition lowering the power of resistance, such 
as tuberculosis and diabetes. 

Symptoms.—In acute cases the symptoms are similar to those of 
sepsis caused by any pathogenic microorganism. The temperature may 
resemble typhoid fever or pyemia. The spleen is frequently enlarged, 
and the liver may be felt below the costal margin or it may be atrophied 
with symptoms of Jaundice. Albuminuria and cutaneous eruptions or 
petechia may be present. 

In very severe cases, there is headache, thirst, profuse perspiration, 
vomiting, diarrhea and death. 

In chronic cases, the symptoms are much less severe and sometimes 
the condition is mistaken for toxemia. 

Diagnosis.——The diagnosis is wholly dependent upon the isolation 
of the organism from the patient’s blood. 

Complications.—Arthritis is the most frequent complication. The 
most important one is endocarditis. Pericarditis, meningitis, pneumonia, 
peritonitis, pleurisy, iritis, conjunctivitis, thrombosis and embolism may 
occur. 

Prognosis—The prognosis will depend upon the intensity of the sep- 
ticemia and the gravity of the complications. It should always be 
ruarded in acute cases, because of the difficulty in stimulating the forma- 
tion of antibodies, and in subacute cases because of the danger of serious 
complications. 

Treatment.—The first indication is to open and drain any abscess 
cavity, however small, providing the patient’s condition permits it. 

The temperature, if high, may be controlled by alcohol sponging, 
cold packs or baths. The diet should be sustaining and easily assimi- 
lated. Alcohol is contra-indicated. Antigonococcic serum seems of 
more value than vaccines in acute cases. An injection of 15 to 25 ec. 
every four hours is given. 

In chronic cases, vaccines are said to be more beneficial. Satisfac- 
tory results have been reported with the intravenous injection of col- 
loidal silver given in doses of 10 c.c. every three or four days. 

Complications arising during the course of the septicemia should be 
treated along the usual lines. 

Gonococcal Infections of the Eye—The eye may become infected 


510 GONOCOCCAL INFECTIONS 


with the gonococcus either through direct inoculation from without or 
through the blood stream. 

Etiology—The great majority of cases are due to accidental con. 
tamination of the conjunctiva either from handkerchiefs, towels, hands 
or during the passage of the child through the genital tract of the mother 
infected with gonorrhea. 

Infants are especially susceptible to gonorrheal conjunctivitis. Since 
the conjunctivitis of infants, known as ‘‘ophthalmia neonatorum,’”’ dif- 
fers in some respects from the disease as seen in adults, it will be 
considered separately. 

OPHTHALMIA NEONATORUM.—When the infant’s eyes are infected in 
the parturient canal, the infection usually oceurs while the eves are 
passing over the perineum, as the lids at this moment are most liable to 
become separated. 

Infection may take place in utero, the organisms in this instance 
penetrating into the amniotic fluid, in which case the child is born with 
a well-developed ophthalmia. Cases have been reported in which the 
eyes were completely destroyed at birth. 

Inoculation of the eye is very liable to occur during the cleansing 
immediately after birth. Gonococcal pus from the cervix, adhering to 
the child’s face, may be washed into the eye by the nurse or rubbed 
into it by the hands of the infant. 

Symptoms.—Evidence of the disease is usually present in the first 
48 hours. The earliest symptoms are those of irritation, viz., redness 
of the conjunctiva and excess of serous secretion. The redness in- 
creases and spreads and the lids become intensely red and swollen. The 
secretion rapidly becomes purulent and glues the lids together. On 
separating the lids, pus freely exudes. In untreated cases, the inflam- 
mation goes on to ulceration of the cornea with sloughing, resulting 
in opacities and defective vision or even total blindness. In many eases 
the whole eyeball may be completely destroyed. 

Diagnosis—Almost every inflammation of the infantile conjunctiva 
of increasing severity and associated with the formation of thick profuse 
pus is gonorrheal. The microscope determines the diagnosis. 

Prognosis.—The prognosis depends entirely upon the stage at which 
the disease comes under treatment. If sloughing ulcers of the cornea 
are present, there 1s always some impairment of vision. In children suf- 
fering in addition with congenital syphilis the outlook is very grave. 

Prophylazis—At birth a germicide should be dropped into the 
eyes of every child. There should be no exception to this rule of prac- 
tice. Credé recommended 2 per cent. silver nitrate. Many observers. 
notably Stephenson, find that 1 per cent. silver nitrate is equally effi- 
cient. Others employ the organic silver salts. Darier, of Paris, uses 
1d per cent. freshly prepared argyrol. Others use protargol 3 to 5 
per cent. 

Treatment—Cold applications form an important part of the treat- 
ment. They must be kept up night and day. Thin pads of gauze 
chilled in ice water, are placed over the closed lids. These are re- 
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newed every five minutes day and night. If the cold is too intense, 
the nutrition of the cornea may be interfered with, evidenced by a misty 
or cloudy appearance beginning at the center. When this occurs, the 
cold should be stopped at once and not renewed until the cornea clears up. 

In addition, a few drops of 20 per cent. freshly prepared argyrol 
are dropped into the inflamed eye every hour. When the inflammation 
begins to subside and the discharge becomes mucopurulent, a 1 per cent. 
silver nitrate solution is applied once a day, until no gonococci can be 
found in the secretions. 

If only one eye is involved,every precaution should be taken to protect 
the healthy eye. Various methods have been emploved. Knapp em- 
ploys a mica spectacle plate, which can be obtained from any optician. 
It is transparent, light and does not steam. It is fastened on with ad- 
hesive strips. 

GonocuccaL CONJUNCTIVITIS IN THE ADULT.—The incubation period 
is about three days. The onset is hyperacute and there is pronounced 
pus formation. Corneal complications are more frequent and more 
severe than in infants. Chemosis, rare in the infant, is a feature of the 
disease in the adult. When pronounced, early and dangerous forms 
of ulceration may be anticipated. 

Treatment.—The treatment is the same as in infants. ‘ When the 
cornea is involved, atropin 1, per cent. or eserin is employed. 

Vaccines and sera, in the infant and adult types, are employed by 
many as a routine measure. In most cases they have not proven suc- 
cessful. 

SYSTEMIC OCULAR GONORRHEA.—Bvyers enumerated the various lesions 
that may occur as a result of svstemic metastatic infections as follows: 
iritis (Mackenzie), conjunctivitis (Fournier), iridochoroiditis (Koe- 
niger), keratitis (Colsmann), panophthalmitis (Martin), optie neuritis 
(Panas), retinitis (Burckhardt) and thrombosis of the retinal vessels 
(Galezowski). 

Iritis or iridocyclitis may appear as a feature of systemic gonorrhea. 
It shows a tendency to recur with each attack or relapse of urethritis. 
It is usually mild, in which ease it is frequently overlooked, or it may 
be severe and compel attention. 

Conjunctivitis is nearly always bilateral. 

Symptoms.—The symptoms are much milder than in cases due to 
direct inoculation. Gonocoeci are usually found in the discharge. The 
average duration is two weeks and the prognosis is good. 

When the retina is involved, the lesion is a neuroretinitis which may 
be unilateral or bilateral. In nine cases reported by Byers, six recov- 
ered and three terminated in atrophy. 

Diagnosis.—Systemic ocular disease is more likely to be mild, bilat- 
eral and is always associated with genital gonorrhea and gonorrheal 
arthritis. The finding of the gonococcus in the ocular disease and a posi- 
tive fixation test prove the nature of the lesion, but may leave doubt 
as to whether the eye condition is local or metastatic. 

Treatment.—Conjunctivitis is treated as described in the foregoing 
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section. Other local treatment is along general lines; e.g., atropin for 
iritis, etc. The genital gonorrhea should be vigorously treated. Vac- 
cines and sera may be administered but are of doubtful value. 

Buccal and Nasal Gonorrhea.—<Ahlfeld and Kimball have reported 
cases proving the existence of gonorrheal inflammations of the mouth 
and nose in infants. In the adult the evidence of its existence is very 
inconclusive. 

In infants, the inflammation is confined either to the nose or mouth 
and is severe in character. In some cases the nasal gonorrhea has accom- 
panied ophthalmia neonatorum. 

Treatment.—Buceal gonorrhea readily clears up with the use of 
antiseptic mouth sprays, e.g., Dobell’s solution, boric acid, etc. 

Nasal gonorrhea is treated with argyrol 20 per cent. dropped into the 
nose three times a day. 

Gonorrhea of the Anus and Rectum.—Etiology.—The anus and ree- 
tum are relatively quite resistant to gonococeal infection. In 1037 cases 
of genital gonorrhea collected by Howard, Baer and Schultz, the anus 
was implicated 157 times. In men, sodomy is accepted as a cause for 
anal gonorrhea. In women, inoculation occurs from the vulvar discharge 
or from the douche tube or hands. 

Pathology.—tThe epithelium of the rectum is eroded, infiltrated and 
ulcerated. Fissures and condylomata are common. 

Symptoms.—Usually the symptoms are slight, and frequently over- 
looked. In the severe cases there is intense itching and burning. Rectal 
pain and blood-streaked stools are noted when ulcerations are present. 
Locally, the anal orifice may be swollen or fissured. Condylomata may 
be present. Pus can sometimes be expressed by pressure from the 
rectum. Rectal inspection may reveal tumefaction, erosion and 
ulceration. 

Diagnosis.—The diagnosis is confirmed by the microscope, and cul- 
ture should be done in doubtful cases. 

Treatment.—Early cases are treated by injections of 14 ounce of 
20 per cent. argyrol twice a day. Erosions and ulcerations should be 
cauterized every 3 or 4 days with silver nitrate, 10 per cent. to 15 per 
cent. 


DETERMINATION OF A CURE 


In cases of acute gonorrhea, it is usually quite easy to decide when 
a cure has been accomplished; in chronic gonorrhea, the decision is 
much more difficult. In fact, scarcely any two authorities agree as to 
the procedure to be followed or the facts to be relied upon in determin- 
ing a cure. 

Up to a few years ago, clinical evidence was all that we had to rely 
upon to decide whether or not gonococci were still present. Experi- 
ence has shown that such evidence was very often insufficient, to say 
the least. Very often, the over-cautious physician has forbidden a man 
to marry when he was perfectly fit to do so, just because a few shreds 
persisted in the urine or a non-infectious discharge occasionally ap- 
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peared. Qn the other hand, others were allowed to marry who later 
infected their wives, with results that need not be dwelt upon. 

To-day, bacteriology has supplied us with certain tests, which when 
performed by competent bacteriologists, and considered in conjunction 
with the clinical evidence, gives us an exact method in deciding this 
important question. 

Clinical Facts—In view of the prevalence of gonorrhea, it may be 
accepted, as a general rule, that whenever there is an urethral discharge 
or pus in the urine, gonorrhea should be suspected. On the other hand, 
if the urine is free from pus and shreds, gonococcal infection in all 
probabilities does not exist. 

Thus, if a patient continues to have pyuria and is subject to relapses 
of urethral discharge, he is in the majority of cases still infectious. If 
he is not subject to relapses after sexual or alcoholic excesses, in all 
probability he is no longer infectious, even if, at times, a slight dis- 
charge is present or shreds appear in the urine. 

If, after having had gonorrhea, there is no discharge, pyuria or re- 
lapses and no pus can be detected in the urine voided after massage 
of the prostate and vesicles, one is certainly safe in pronouncing a 
cure. The presence of shreds in the urine does not signify the pres- 
ence of gonorrhea. Many men have shreds in the urine who have never 
had gonorrhea. 

The writers employ the following routine in deciding whether 2* not 
a patient is cured. 


1. Provocative Test.—T'echnic—The urethra is dilated with an an- 
tero-posterior Kollmann dilator after which a one per cent. silver nitrate 
instillation is made in the interior and posterior urethra. The patient 
is then provided with glass slides to collect the resulting discharge for 
microscopic examination. 


2. The next day the prostate and vesicles are thoroughly massaged 
upon a full bladder. If any secretion is expressed, part of it 1s caught 
on a glass slide and stained, the remainder is transferred to a culture 
tube. The patient is then told to void into a sterile bottle. The urine 
after massage is then examined for gonococei and also cultured. 


3. Examination of Condom Specimen.—Whenever possible a condom 
specimen of the semen should be obtained and stained and cultured for 
gonococecl. 


4. Complement-fixation Test. 


GONOCOCCAL INFECTION IN THE FEMALE 


Occurrence.—The prevalence of gonorrheal infection in women va- 
ries within wide limits according to different observers. This great dif- 
ference of opinion may be accounted for in several ways, viz.: (1) the 
difficulty of finding the organism in chronic cases, (2) the class of 
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patients treated. In prostitutes, for example, one would expect to find 
gonorrhea most prevalent. Among 533 prostitutes examined by Huber, 
59.6 per cent. had gonorrhea. Among 407 prostitutes, Prowe found 
gonorrhea in 76.6 per cent. In private practice, Zweifel estimated that 
the number of women ill because of the gonococcus ranged from 10 to 11 
per cent. According to Taylor, the gonococcus is the causative factor 
in 12 per cent. of all uterine disease. 

Gonococcus infection is not uncommon in little girls, especially in 
institutions. 

Organs Invaded.—The urethra, vulva, vagina, cervix, uterine canal 
and tubes are usually affected. Destructive inflammation of the tubes 
and ovaries with involvement of the peritoneum is very common. Ascend- 
ing infection of the urethra, involving the bladder, ureters and kidneys, 
is by no means rare. Invasion of the rectum may also occur. 

Skene’s glands and Bartholin’s glands frequently become the seat of 
a chronic gonorrhea. When the ducts of the latter are involved, they 
appear as two small reddened spots which have been called the “‘macule 

gonorrhoice’’ of Sanger. 

In systemic gonorrhea the same organs are invaded as in the male. 

Symptoms and Clinical Course—The incubation period varies from 
two to seven days. The disease begins most frequently in the urethra. 
Skene’s glands, lying just within the urethral meatus, and Bartholin’s 
glands, just at the entrance of the vagina, are favorite sites of infec- 
tion. The vagina lined with pavement epithelium becomes infected, 
although less frequently than the urethra. In the young, the vaginal 
mucosa 1s more easily infected, because the epithelium is softer and 
more hke columnar epithelium. This accounts for the frequency of 
vulvovaginitis in children. 

The next situation most commonly involved is the cavity of the 
iterine cervix. The disease is very prone to become chronic here, just 
is in the glands of Bartholin and Skene. 

The symptoms of gonococcal invasion of the genital organs in women 
1ay be severe or mild. 

In severe cases, it is characterized by burning and smarting on urina- 
on. Within a few hours, the discharge appears at first mucoid, but 
on becomes purulent. The pus, as in the male, may become greenish- 
ellow and mixed with blood. The onset of invasion may be ushered 
t by a chill, rapid pulse and an elevation of temperature. 

More frequently, the symptoms of invasion are not pronounced. Usu- 
ly there is smarting on urination and an increase of the vaginal dis- 
large. Sometimes the only history one can obtain is that of an irri- 
ting leucorrheal discharge. Sometimes the symptoms of invasion are 

mild, that the first symptoms which the patient notices are due to 
ilvovaginal abscess, salpingitis or cervital inflammation. 

In the chronic cases, the vaginal discharge although usually profuse, 
‘es its purulent character. The symptoms will depend upon the sites 


infection. . These may be the urethra, cervix, tubes and peritoneum, or 
ene’s or Bartholin’s glands. 
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Diagnosis of Gonorrhea in Women.—In the acute form the diagnosis 
is established by (1) history of suspicious intercourse, (2) clinical symp- 
toms, (3) finding of the gonococcus in the discharges. 

In subacute and chronic cases, the diagnosis is more difficult. It 
rests on a history of coitus, followed by frequent and painful urination 
and profuse vaginal discharge. Sometimes these are so mild or tran- 
sient that they escape notice. Questioning the husband will sometimes 
elicit the statement that at some time prior to marriage he had gonor- 
rhea. 

The presence of the “‘macule gonorrhoice’’ of Sanger is strong pre- 
sumptive evidence of gonorrhea. The redness persists for a long time 
after all active inflammation has ceased. 

In examining a woman for gonococcal infection, it 1s important that 
she should come for examination without previous douching or cleansing 
of the genitals. She is placed in the dorsal position and examined 
in a good light. Smears are made from the discharge from the vulva 
and from the orifices of Skene’s and Bartholin’s glands. 

The finger is then passed into the vagina with the palmar surface 
upward and the urethra is stroked from above, downward and for- 
ward, and any secretion that 1s expressed is collected on a slide. A 
speculum is next inserted into the vagina and a smear made from 
the cervical discharge. 

Frequently, after a thorough examination, it is impossible to obtain 
bacteriological confirmation of the disease when the clinical evidence 
is strongly presumptive of its presence. It should be remembered that 
the gonococcus is most easily found just after the menstrual period. In 
doubtful cases, repeated examinations should be made at this time. 

Treatment of Gonococcus Infection in Women.—In the acute stage, 
rest in bed and strict cleanliness should be insisted upon. The diet 
should be bland and free from spices and stimulants. Water should be 
freely drunk. The bowels are kept free by the frequent use of saline 
purgatives. 

Kor frequent and painful urination, the citrate of potash and bella- 
donna mixture are given. Sandalwood oil, preferably in capsules, is 
also indicated. 

The genitals are flushed, at least three times a day, with 1 per cent. 
hot boric acid solution. A sterile pad of soft absorbent gauze should 
be worn constantly over the vulva. When it becomes soiled, it is burned 
and a fresh one applied. 

Local treatment is not begun until the acute inflammation has sub- 
sided. The number of drugs recommended for the local treatment is 
legion. The writers have obtained the best results with argyrol 20 per 
cent., protargol 2 per cent., and silver nitrate 1 to 10 per cent. The local 
treatment must be thorough and persistent. The patient, having emptied 
her bladder, is placed in the dorsal position in a good light. The vulva 
is cleansed with cotton sponges dipped in warm water and then wiped 
with dry cotton. If urethritis is present, 14 ounce of 20 per cent. 
argyrol or 2 per cent. protargol is injected into the urethra through a 
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soft rubber catheter, the eye of which lies just within the meatus. This 
solution is retained until the next urination. 

A Sims’ speculum is next inserted into the vagina, which is thor- 
oughly cleansed and wiped dry. Two per cent. silver nitrate is applied 
to the cervical canal with eotton wound around slender applicators. 
The vaginal fornices receive the same attention. A vaginal suppository 
containing 10 per cent. argyrol or 2 per cent. protargol is then inserted, 
after which a cotton tampon is introduced to retain the silver salt. At 
the end of 48 hours, the patient removes the tampon and takes a 
cleansing douche of warm water, just before the next treatment. 

In the declining stages of the urethritis, silver nitrate is more effica- 
cious than argyrol or protargol. Applications of 2 per cent. silver nitrate 
are made to the urethra through an endoscopic tube. The silver is next 
applied to the orifices of Skene’s and Bartholin’s glands. In sensitive 
patients, the pain may be lessened by first applying 5 per cent. novocain, 
aposthesin or cocain and waiting five minutes before applying the 
silver. 

In chronic eases, where Skene’s glands are the seat of chronic infec- 
tion, they are injected with 1 per cent. silver nitrate, through a hypo- 
dermic needle, the point of which has been dulled. In obstinate cases, 
and where the openings of the ducts have become stenosed, it is neces- 
sary to lay them open. A fine probe is passed through the duct the 
full length of the glands, and the tissues are then divided over the probe. 
The gland is then cauterized with 10 per cent. silver nitrate or destroyed 
by fulguration. The glands of Bartholin, if involved, receive the same 
attention. If abscess of these glands forms, it should be opened and the 
interior cauterized. 

The vagina sometimes becomes congested and sore after several local 
treatments have been given. When this occurs it is best to make several 
treatments with tampons soaked in glycerin and ichthyol (12-1) or 
boroglycerid. 

In rebellious cases, Kelly recommends the use of iodoform powder 
dusted on dry elastic non-absorbent cotton tampons, so placed as to 
moderately balloon out the vagina. The packing is done every third 
day. The patient removes the tampons on the night of the second day 
and takes a douche of permanganate of potash 1: 1500. 

The treatment of gonococcal infections of the uterus, tubes, ovaries 
and peritoneum involves surgical procedures for the consideration of 
which the reader is referred to special works on this subject. 

Determination of a Cure.—The question is often asked, whether 
gonorrhea can be cured in a woman. The consensus of opinion seems to 
be that when the infection is limited to the vulva and urethra and does 
not extend beyond the cervix, cure is possible after careful and persistent 
treatment. When the gonococeus invades the endometrium, and the 
uterine adnexa and adjacent peritoneum, practically all authorities are 
agreed that the possibilities of a cure are very uncertain indeed. Al- 
though many of these patients are apparently cured and discharged as 
such, experience has shown that relapses may occur. 
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Before discharging a case as tentatively cured repeated examina- 
tions, just after the menstrual period, must show: 

(1) Absence of profuse purulent vaginal discharge. 

(2) Absence of purulent discharge from Skene’s and Bartholin’s 
glands. 

(3) Absence of urethral discharge. 

(4) Negative smears and cultures. 

(5) Negative complement-fixation test. 


GONORRHEAL VULVOVAGINITIS IN CHILDREN 


Occurrence.—The prevalence of this infection among children is esti- 
mated in the various clinics as follows: Sara Welt-Kakels observed, in 
her clinic at Mount Sinai Hospital, 191 cases of vulvovaginitis during 
the ten years from 1893 to 1903, representing 1.6 per cent. of all the 
children treated. The largest number occurred between the ages of 
2 and 5 years. After the tenth year the disease was rare. Dr. Flora 
Pollock, of the Johns Hopkins Hospital Dispensary, reports 139 eases in a 
series of 1,366 patients. Of these only three cases were congenital, the rest 
being acquired infections. 

It is believed that adhesions of the labia and prepuce, occlusion of 
the hymen, diseased uterine tubes and deformed uteri are the sequele of 
this disease. The complications are acute peritonitis, arthritis and oph- 
thalmia. 

Etiology.—Soiled linen, infected towels or hands soiled with dis- 
charges from the mother or father infected with the disease, are the 
usual carriers of the infection. 

Overcrowding and unhygienic surroundings predispose to its trans- 
ference. Epidemics may occur in institutions, hospitals, asylums and 
nurseries, due either to ignorance of the nature of the discharge or care- 
lessness in handling it. 

Many individual cases are due to rape, due to a superstition among 
the lower classes that the disease can be cured by coitus with a healthy 
person, preferably a virgin. 

Pathology.—The vagina and vulva are involved. The inflammation 
is most pronounced at the vaginal outlet, around the hymen, where the 
pus passes over the perineum. 

Symptoms.—The incubation period is from 3 to 4 days. The child 
may complain of burning on urination and pain on walking, or the 
mother notes a discharge. 

Locally, a profuse purulent discharge is seen pouring out of the 
vagina. The labia majora are usually reddened and swollen. Excoria- 
tions of the integument surrounding the vulva and on the inner sides 
of the thighs may be present. In cases due to rape, there may be con- 
siderable evidence of traumatism. 

Diagnosis.—The disease must be differentiated from non-specific 
vulvovaginitis, due to uncleanliness, urine or rectal worms. These 


518 GONOCOCCAL INFECTIONS 


conditions occur most frequently in hot weather. Non-specific vulvo- 
vaginitis may occur in the course of measles and scarlet fever. ‘The 
gonococeus is present in the discharges and its recognition establishes 
the diagnosis in specific cases. 

Treatment.—The mother should be informed of the nature of the 
disease and of the danger of conveying it to other members of the family. 
Strict attention should be paid to cleanliness. All cloths and dressings 
should be sterilized by boiling, or should be burnt. 

In the acute stage, where there is swelling of the vulva and profuse 
discharge, the child should be kept in bed. 

The vulva is copiously flushed three times a day with either hot 
boric acid solution or 1-2000 potassium permanganate. 

If there is much vaginal involvement, irrigations of the vagina are 
advised, by some gynecologists, with the above-mentioned solutions. 
These can be given through a soft rubber catheter 12 Fr., gently in- 
serted through the opening of the hymen, after the vulva has been thor- 
oughly irrigated. Personally, we prefer the injection of about 4 to 6 
e.c. of 20 per cent. argyrol freshly prepared. 

The degree of vaginal involvement may be determined by inserting 
a small endoscopic tube into the vagina, with the child in the knee- 
chest position. In this way the vagina can be examined and the cervix 
examined for discharge. 

In infants, if, after wiping the vulva dry, pus continues to pour 
out when the child strains or eries, it denotes that the vagina is in- 
volved. After flushing the vulva, the parts should be gently dried and 
an absorbent dressing applied. To protect the skin from irritating 
discharges, an ointment is applied. Zinc oxid or a 3 per cent. protargol 
ointment will be found useful. 

From time to time, the discharge is examined for gonococci and active 
treatment continued until they disappear. 

In the subsiding stages of the disease, the argyrol is replaced by 
instillations of 1 per cent. silver nitrate, administered three times a 
weck. If erosions persist in the cervix or vagina, they may be touched up 
with silver nitrate 3 to 5 per cent., through an endoscopic tube or a 
Kelly No. X speculum. If the urethra is involved, it should be injected 
daily with 10 per cent. argyrol. 

Whatever the treatment, it should be persisted in until the discharges 
are free from gonococci. When this occurs, a complement-fixation test 
is performed. If negative, the case is discharged as tentatively cured. 

As the disease has a tendency to recur, the child should be examined 
from time to time, during the year following. 


Practice of Medicine—Tice. 
#§- These new pages 519, 520 take the place of the old pages 519, 520, Vol. ITI. Take out the old, insert the new. 
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RABIES 
By Eugene R. Wuirmore, B.S., M.D. 
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Definition. Rabies is an acute infectious disease, transmitted by 
the bite of an infected animal, and characterized by a condition of in- 
creased nervous system excitement followed by paralysis. 

Synonyms.—Hydrophobia; Lyssa. 

Etiology.—-In ancient times it was well known that rabies was trans- 
mitted by the bite of a rabid animal; and it was later shown that the 
virus was contained in the saliva. The virus was shown to be present 
in the salivary glands—especially the submaxillary glands—and in the 
central nervous system. This virus was studied by a large number of 
persons; and Pasteur developed the method of protective inoculation 
before much was known about the virus. 

The rabies virus belongs to a group of viruses which pass through 
bacterial filters, hence the designation ‘‘filterable virus.’’ Some of 
these viruses are cell parasites, and the infected cell reacts by the pro- 
duction of a substance which appears in the cell: these are the viruses 
to which Prowazek gave the name ‘‘chlamydozca’’; that 1s, cloak-bear- 
ing. Further, some of these viruses, when transmitted from the animal 
in which they commonly occur to another animal and carried through 
a number of passages in the animal, will not produce disease when in- 
oculated back into the animal from which they came; but produce im- 
munity to infection in the natural way. 

This last characteristic of the rabies virus gives the names of ‘‘street 
virus’’ and ‘‘fixed virus,’’ as used by Pasteur. 

Pasteur used the term ‘‘street virus’’ to designate the rabies virus 
that is transferred under natural conditions from dog to dog, from 
dog to man, or from dog to some other animal. 

When this ‘‘street virus’’ is inoculated into rabbits, and is carried 
from rabbit to rabbit by subdural injection of material from the cen- 
tral nervous system, the virulence of the virus for the rabbit gradu- 
ally increases; and the incubation time becomes shorter and finally be- 
comes very nearly constant. Thus, ‘‘street virus’’ injected subdurally 
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into a rabbit will kill the rabbit in about 18 days: as the virus from 
this rabbit is injected into another rabbit, and so on, the incubation 
time gradually shortens, until the rabbit develops rabies regularly in 
eight days. This shortening of the incubation period means that the 
‘fixed virus’’ produces a stronger toxin than does the ‘‘street virus’’; 
and in keeping with this, the central nervous system becomes infectious 
in less time after inoculation with ‘‘fixed virus’’ than after ‘‘street 
virus,’’ indicating higher virulence in the ‘‘fixed virus.’’ 

For us, the great advantage of the ‘‘fixed virus’’ is that, when in- 
jected subcutaneously, it is not infectious for man, and it is far less 
infectious than ‘‘street virus’’ for dogs, monkeys and other animals; 
and, when so injected, it produces immunity again:t infection with 
‘*street virus. ’’ 

The year 1903 gave us important additions to our knowledge of 
the rabies virus: as Remlinger demonstrated the filterability of the virus, 
and Negri discovered, in the pyramidal cells in the central nervous sys- 
tem, the bodies that bear his name. 

Negri bodies are round or oval bodies, varying greatly in size, from 
1 to 27 microns in diameter: in the dog they are usually from 4 to 10 
microns in diameter. The number of these bodies in a nerve cell varies 
from one to five or six. The bodies are found in the ganglion cells in 
the central nervous system: so, they are found wherever these cells are 
found. On account of the abundance of ganglion eells in the hippo- 
campus (Ammon’s horn), the Negri bodies are most numerous there; 
but they are also found in the Purkinje and pyramidal cells in the cere- 
bellum, in the cerebral cortex, in all parts of the brain, aud in the nerve 
cells in the spinal cord. 

While Negri bodies are numerous and large in the central nervous 
system of animals dead of ‘‘street virus,’’ they are much smaller and 
are not. so numerous following inoculation of “‘fixed virus.’’ Frosch has 
suggested that the reason for this is that the shortening of the ineuba- 
tion period does not give time for the bodies to develop. 

The Negri bodies are found in the central nervous system of animals 
infected with rabies; and they are never found in any other animals. 
By differential staining, the Negri body is seen to consist of 1 to 20 or 
30 dots that stain deep blue or black with methylene blue, embedded in 
a hyalin matrix that stains magenta with eosin. In sections of the 
brain, the bodies are always intracellular, and contain the dots, known 
as “‘inner bodies.’’ When examined in the fresh state, the Negri body 
appears as a homogeneous mass of ground substance, packed full of 
coccus-like granules. 

While there is agreement that the Negri bodies are characteristic of 
rabies, there is difference of opinion as to what the bodies are. Negri 
was of the opinion that the bodies were protozoa; and some authorities 
hold that view, and consider the ‘‘inner bodies’’ to be granules of 
chromatin. Others hold that the bodies are reaction products of the 
infected cell, and that the virus itself is not seen. Lentz describes the 
formation of the mass of ground substance from the substance of the 
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infected zell. The third and most commonly held view is that the ‘‘inner 
bodies’’ are the virus, while the mass of ground substance is a reaction 
product from the infected cell. Koch considers the ‘‘inner bodies’’ to 
be the virus in the form of the coccus-like bodies, and the ganglion cells 
being more resistant than the other cells, encapsulate the virus with a 
layer of degenerated cytoplasm. 

In some early work, Pasteur noted numerous fine granulations in 
the central nervous system of animals dead of rabies; and he suggested 
that these granulations were the virus of rabies. Since that time, numer- 
ous workers have studied these granulations, without being able to 
determine what they are. These fine coccus-like points are found ir- 
regularly throughout the substance of the central nervous system, espe- 
clally in the gray matter. They are also found in the salivary glands. 
Koch suggests that these coceus-like bodies are the virus of rabies. 

The rabies virus in the brain is protected from the action of physical 
and chemical agents; and this has led to a belief that the virus is un- 
usually resistant to unfavorable influences. However, Poor and Stein- 
hardt have compared the virus from the brain with that from the salivary 
glands, filtered through a Berkefeld filter, and they conclude that the 
virus is actually more resistant than many known organisms. Galtier 
showed that the virus remained alive in the brain of a dog that had 
been buried 44 days. At — 4° C. (24.8° F.) it remains virulent as long 
as 34 months. The virus is rapidly reduced in virulence by air, light 
and drying; but there is difference of opinion as to whether this is 
simply an attenuation of the virus or actual killing of the virus, and 
in that way reducing the dose of the virus in a given amount of material. 
By Pasteur’s method of drying the cord, the virus completely loses its 
virulence in 10 to 15 days. Harris has shown that freezing and drying 
in vacuo does not decrease the virulence of the virus to any extent. In 
vacuo, in the dark, the virus retains its virulence for 30 days at a tem- 
perature of 23° C. (73.4° F), and 20 days at 35° C. (95° F.). It is 
killed in 1 to + hours at 45° C. (118° F.), in 1 hour at 50° C. (122° F.), 
in half an hour at 52° to 58° C, (125.6° to 136.4° F.), and in 5 minutes 
at 60° C. (140° F.). The virus is not affected by 33 per cent. neutral 
glycerin in 80 days; and this is a satisfactory method of preserving 
the virus: the glycerin kills the contaminating bacteria, so such material 
ean be used for inoculation of animals for diagnosis. The Negri bodies 
are well preserved in the 33 per cent. glycerin solution. The virus is 
killed by chemical agents as follows: 1:1000 solution of bichlorid of 
mercury, in 2 to 3 hours; 1 per cent. phenol solution in 2 to 3 hours; and 
formaldehyd vapor in 40 to 45 minutes. 

The rabies virus diffuses through glycerin, and even through normal 
tissues that have been immersed in glycerin containing rabies material. 
From this diffusibility, and its behavior on filtration, Remlinger sug- 
gests that the rabies virus may be considered as intermediate between 
the smallest visible organisms and the enzymes. The rabies virus passes 
through the placenta, from the mother to the fetus, as has been shown 
in the cases of the human, dog, sheep, rabbit and guinea pig. 


524 RABIES 


Various attempts at cultivation of the rabies virus have been made, 
and some successful cultivations have been reported; but none of the 
cultures have been carried beyond the stage of purely scientific interest. 

The rabies virus produces a toxin which seems to be partly bound 
to the nerve tissue. Rabies material filtered through a Chamberland 
filter produces emaciation, paralysis and death in experimental animals; 
but the central nervous system of these animals is not infectious. (al- 
tier found that the rabies toxin was capable of producing paralysis even 
after heating to 100° to 105° C. (212° to 221° F.). 

Epidemiology. Rabies in man and lower animals is the result of 
inoculation of the virus through the bite of rabid animals; and the 
dog is peculiarly adapted to spread the infection. The disease occurs 
among all warm-blooded animals: but the dog and cat. families are the 
ones most commonly affected. Some birds are occasionally infected 
with rabies; but these do not play any part in the spread of the disease. 

From his habits, the dog is the common transmitter of rabies to other 
animals and to man. This results from the fact that the dog goes and 
comes as he pleases, and comes in close contact with man. The long 
teeth of a dog, making a deep or torn wound, make infection more 
common after dog bites. In some frontier regions, the wolf plavs a 
part in the spread of rabies; and the fox may also transmit the infection. 
In India, jackals are quite frequently infected; and they transmit the 
infection to dogs, and not infrequently to man. Of 569 persons treated 
at the Pasteur Institute at Shillong (Assam) in 1917, 97 had 
been bitten by rabid jackals. Coyotes and skunks are frequently in- 
fected in the western part of the United States; and they transmit the 
infection to dogs and not infrequently to man. Cats are rather fre- 
quently infected, though the disease in them is apt to be of the paralytic 
form. Cattle are rather frequently infected, as are horses; but these 
animals do not so readily transmit the infection to man, partly be- 
cause they do not come in such close contact with him, and partly 
because their teeth crush rather than puncture or tear when they bite. 
Goats, sheep and pigs are not infrequently infected, and they may trans- 
mit the infection to man. Rats and mice are also often infected with 
the virus; but it does not appear that they play any part in the spread 
of rabies or in the infection of man. Schmitter observed a case of 
rabies in a wild monkey in the Philippines. 

So, for practical purposes, it may be considered that the dog is the 
animal responsible for the spread of rabies, as is indicated by the eradi- 
cation of the disease from England and the prevention of its entrance 
into Australia as a result of preventive measures directed against the 
dog as the transmitter. Also, the dog is far the most important trans- 
mitter of the disease to man, as is shown by Dobert’s tabulation of 
rabies in Prussia. From 1903 to 1907, 1069 rabid animals injured, 
mostly by bites, 1817 persons: 1025 (94.1 per cent.) of these animals were 
dogs; 37 (3.4 per cent.) were cats; 15 (1.4 per cent.) cattle; 6 (0.6 per 
cent.) horses; 1 (0.1 per cent.) sheep; and 4 (0.4 per cent.) hogs. There 
1s only one case reported in which it seems practically certain that the in- 
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fection was transmitted from person to person; though, naturally, a 
number of persons have received some minor wound, or have gotten 
the patient’s saliva on their skin, while caring for cases. 

There is no evidence of the transmission of rabies in any other 
way than through the saliva of the infected animal—generally by a 
bite, at times by the rabid animal licking the hand of a person, the virus 
being licked into some abrasion on the skin. Slight abrasions may 
suffice for inoculation of the virus; and it is not necessary that the 
bite be deep. There is no proof that the infection is transmitted by 
meat or milk from infected animals, and there is no proof of its trans- 
mission by coitus. Remlinger could not produce rabies in guinea pigs 
by instillation of an emulsion of a highly virulent virus into the con- 
junctival sac; but he succeeded in producing rabies in about one of 
four or five attempts by instilling a small amount of an emulsion of 
the virus into the nasal cavity, taking great care not to injure the 
mucosa. 

The saliva of an animal may be infective as long as three days be- 
fore symptoms develop. On the other hand, it is often difficult to 
demonstrate the infectivity of the saliva even after the symptoms of 
rabies have developed. 

SUSCEPTIBILITY to rabies varies in different animals. In the lower 
animals, it is usually considered that 40 to 70 per cent. are susceptible, 
while man is much less susceptible. Thus, some authorities put the 
susceptibility of man as low as 9 per cent., while others put it as high 
as 50 per cent. The danger of infection varies with the number and 
the severity of the bites. Multiple bites and deep lacerated bites are 
more likely to transmit the infection than are the crushing bites of horses 
and cattle. There is more danger of infection when the virus is in- 
oculated by a bite on the uncovered skin than when through the clothing. 
Subcutaneous injection of the virus produces rabies in about 50 per 
cent. of experimental animals; and with a virus of high virulence for 
the guinea pig, Remlinger says that subcutaneous inoculations fre- 
quently fail. 

While it is generally considered that rabies is more common in 
the summer months, statistics of the disease in Germany do not bear 
out that belief. In Seattle, an outbreak of rabies began in September, 
1913, and there were 361 cases of canine rabies in the city to June, 1914. 

There is no difference in age or sex susceptibility. However, children 
from 6 to 15 years old are more commonly bitten, and boys are more 
commonly bitten than are girls. This seems to be dependent entirely 
on the habits of children, playing in the streets and fields and making 
no effort to avoid a strange dog. 

Mechanism of the Disease Process.—When rabies virus is nating 
or experimentally introduced into the body of the animal, it travels 
to the central nervous system along the nerves or through the blood 
and lymph. It is generally held that along the nerves—possibly in the 
lymph spaces in the nerves—is the usual route of the virus; through 
the blood and lymph channels being unusual. Section of the spinal cord 
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prevents the passage of the virus from the leg to the brain, and the 
part of the central nervous system nearest the bite is the part that 
shows the first evidence of the virus. In the same way is explained 
the longer incubation period when a person 1s bitten on the leg or 
arm as compared with a bite on the face—that is, closer to the brain. On 
this basis, the virus reaches the salivary gland by traveling down the 
nerve from the brain. The authorities who hold the view that the virus 
travels along the nerves are of the opinion that the long incubation 
period is, in great part, at least, represented by the time it takes the 
virus to travel along the nerves to the central] nervous system. 

Koch is of the opinion that the virus spreads through the blood and 
lymph channels very generally; and that this is probably the more 
common way of spread of the virus in the body. On this basis, the virus 
is picked out from the blood especially by the nervous tissue, whether 
it be in the central nervous system or in the salivary glands. The 
virus is present in the blood of a rather small percentage of animals 
at the time of death from rabies; but it 1s undetermined whether the 
frequent presence of the virus in the suprarenals, and the less frequent 
presence in the spleen and pancreas is from a primary infection of the 
blood or from a secondary infection of the blood from the central nerv- 
ous system. 

According to Fermi, the rabies virus passes through the unbroken 
mucous membrane of the nose, conjunctiva and intestine, in fifteen 
minutes. When inoculated into the anterior chamber of the eye, it 
takes the virus twenty-four hours to reach the outside of the eyeball. 
Immediate cauterization of the wound does not surely prevent rabies; 
but half the experimental animals are saved when the bite is cauterized 
within thirty minutes. This rapid passage of the virus is considered 
by some authorities to favor the opinion that it travels by the blood 
and lymph channels. The authorities who hold the view that the virus 
commonly travels in the blood or lymph channels are of the opinion 
that the long incubation period is due to the virus remaining for some 
time in the central nervous system before it has multiplied enough to 
produce symptoms. 

The lesions of rabies are due to the toxin produced by the virus. 
Babes is of the opinion that the disturbances of the nervous system, 
including paralyses, following prophylactic inoculation with rabies virus, 
are due to the toxin of the rabies virus. Babes considers that the leuko- 
cytosis, that is present even before symptoms appear, accounts for 
the plugging of the capillaries and the small areas of softening in the 
brain. 

Since animals rarely or never recover from rabies, nothing is known 
regarding immunity following an attack of the disease. The mechanism 
of immunity following antirabic vaccination is discussed under vac- 
cination in this article. 

Symptomatology.—A. Rasies In Lower ANIMALS.—The clinical 
picture of rabies is in general the same in all susceptible animals; and, 
since the dog is the lower animal in which the diagnosis has usually 
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to be made, it is best to discuss the symptoms of the disease in the 
dog. While the symptoms vary somewhat, as a result of age, sex, race 
and temperament, it is possible to distinguish two varieties: the furious 
rabies and the dumb or paralytic rabies; and each variety is marked 
by ‘three stages: the prodromal stage, the stage of excitement, and the 
stage of paralysis. 

Incubation Period.—The incubation period varies greatly; being on 
the average from five to eight weeks in natural infections. Haubner 
gives the incubation period as less than two months in 83 per cent. of 
his cases, 16 per cent. within three months, and the remaining 1 per cent. 
in the fourth month or later. 

In experimental rabies the incubation period is shorter, partly be- 
cause a larger dose of virus is injected than in natural infection, and 
partly because the virus is in a more concentrated form and is injected 
directly into the central nervous system. The average incubation period, 
when the virus is injected into the muscles of the lumbar region, is 
about seventeen days; when the virus is injected subdurally, it is from 
ten to fifteen days. Konradi reports one case where a rabbit died 
of rabies thirteen months after subdural inoculation of brain emulsion 
from a child dead of rabies. 

I. Furious Rabies—In the prodromal stage, the dog shows a change 
in disposition: a good-natured, playful dog appears dejected, and slinks 
away into a dark place. In other cases, the dog is unusually friendly, 
and even a vicious dog may be friendly: in such eases the dog may 
show a disposition to lick his master’s hand; and, as the saliva is already 
infectious, there is danger of infection through any cuts or abrasions 
on the skin of the hands. At times the dog may act normal, or be 
unusually active; and this state may alternate with periods of dejection 
and slinking. The animal may start at any sudden noise. The site of 
the bite is often irritated, and the dog may lick it. 

An important thing in this stage is the abnormal appetite: the dog 
does not care to eat his food, but he will swallow all sorts of material, 
as sticks, stones, hair, leather and dirt. This must be kept in mind 
in the postmortem examination of a dog suspected of having had rabies. 

The stage of irritation is the period that gives the name of ‘‘mad 
dog’’ to the rabid dog. One of the most important signs is that a dog 
that is never in the habit of leaving home will run away; and the dog 
may travel miles, never getting back home, or returning worn out with 
running, and with his coat full of dirt and his flesh torn from fighting 
with other dogs. Many times the dog snaps at and bites everything 
it comes near; and such a dog may run among a group of persons and 
bite a number of them before it runs on in its mad rush over the world. 

A change in the bark is said to be characteristic: the bark changes 
to a hoarse howl. 

After two to four days, the dog develops weakness in the hind legs 
and hips, and passes into the paralytic stage. The dog appears weak, 
staggers as he walks, and may fall. This weakness may extend to the 
front legs, and to the muscles of the jaw. At times the jaw is affected 
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first: the lower jaw hangs down, and bloody froth flows from the mouth : 
the dog cannot bite, and raises the head with difficulty. There 1s 
great emaciation, with profound weakness; and death follows. 

Duration—The prodromal stage lasts about one or two days; the 
stage of excitement two to four days; and the paralytic stage one to two 
days. The entire course of the disease, after symptoms appear, 1s ust- 
ally five or six days; never more than ten days. 

II. Dumb or Paralytic Rabies.—In this form of rabies, the pro- 
dromal stage and the stage of excitement are short, and may be over- 
shadowed by the paralytic symptoms from the start. There is often in- 
creased excitability, but the weakness makes it impossible for the dog 
to run, and there is not the furious running through the country, such 
as is seen in the stage of excitement in the furious type of rabies. The 
weakness may begin in the jaw; and ‘‘jaw drop’’ may be one of the 
first things noticed. The weakness rapidly spreads to the body, and 
the dog is soon not able to walk or stand. He lies quietly, the body 
being shaken from time to time with short muscular cramps. 

It would appear that the paralytic rabies is merely a severe form 
of rabies, as it is common in experimental rabies when the inoculation 
is into the muscles, and it is the form that is seen in the rabbit follow- 
ing inoculation of fixed virus. But at times dogs with paralytic rabies 
live longer than dogs with furious rabies; though it may well be that the 
average duration of paralytic rabies is shorter than the average dura- 
tion of furious rabies. 

Under natural conditions, about 80 to 85 per cent. of dogs develop 
furious rabies, and about 15 to 20 per cent. develop paralytic rabies. 

B. Rasies In Man.—The forms and stages of rabies in man are the 
same as those in the dog, except that the furious form is represented 
by a spasmodic form. 

Incubation Period.—The incubation period varies even more in man 
than it does in the dog. The minimum incubation period observed is 
twelve days. Kozewaloff observed 212 cases of rabies in man: the in- 
cubation period was 20 to 40 days in 40.6 per cent. of the cases; 4() to 
60 days in 25 per cent. of the cases; 12 to 20 days in 13.7 per cent.: 
that 1s, the incubation period was less than 60 days in 79.3 per cent., 
and over 60 days in 2().4 per cent.; in 3.8 per cent. the incubation 
period was over 200 days, 3 cases over a year, and one case over two 
years. Koch says that the rabies virus may lie dormant in the nervous 
system for a long time, and be roused by trauma, fatigue, emotional 
stress or abuse of alcohol. 

The long incubation period and the great variation in the length 
of the period in man probably depends on several factors. One of the 
most important seems to be that man is not very highly susceptible to 
the rabies virus. Other factors are the virulence of the virus; the 
depth, size, number and location of the bites; and the age of the patient 
—children are more susceptible than are adults. Ordinarily there are 
no symptoms during the incubation period; though there may be some 
anxiety, probably due to fear of the development of rabies. 
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I. Spasmodic Rabies—Rabies in man does not take the furious 
form that is so common in dogs; but rather takes a spasmodic form, 
such as is not infrequently seen in guinea pigs in experimental rabies. 

In the prodromal stage, there is often irritation in the scar of the 
bite ; this irritation amounting to itching or pain, with redness or edema. 
There may be neuralgic pains in various parts of the body. The patient 
has headache, and there is loss of appetite. The important symptoms 
are psychic in nature: the patient is depressed and anxious, and cannot 
sleep. The voice is often changed, especially in children, to a peculiar 
whine. 

At times the stage of excitement sets in suddenly, without any prodro- 
mata. More commonly it is preceded by prodromata. The first char- 
acteristic symptom is the spasm of the muscles of deglutition, making 
it difficult or impossible to drink water, and giving the feeling of some- 
thing in the throat. This spasm of the muscles of deglutition is a 
prominent feature throughout the course of the disease; and the patient 
early develops a fear of trying to drink, on account of the painful 
spasms in the throat—hence, the name “‘hydrophobia.’’ But the fear 
of water may be absent throughout the disease. The irritability in- 
creases until the slightest stimulus, as the sight or mention of water, a 
draft of air, a noise, a bright light or even a touch, brings on the 
severe spasms of the muscles of deglutition. Spasm of the muscles of 
respiration comes on early; and there is precordial distress. The spe- 
cial senses are hyperesthetic. 

These spasms come on in the form of attacks, which do not last 
more than half to three-quarters of an hour. An attack is often induced 
by the slightest irritation. Beginning with spasm of the muscles of 
deglutition, the spasm spreads to include certain groups of muscles, 
as those of respiration; or there may be generalized convulsions. These 
convulsions may be mild or severe, being even tetanic in character. It 
is possible to see the spasm of the muscles in the throat; and a little 
saliva or mucus is frequently expelled from the lips as a result of this 
spasm. The peculiar sound that has been likened to the barking of 
a dog is due to spasm of the muscles of the larynx. There is dyspnea; 
and the patient may die suddenly in one of these attacks. The spasm 
of the muscles, extending to the muscles of the jaw, gives rise to the 
peculiar chewing or snapping movements that have been considered to 
resemble the biting movements of the rabid dog. The abundant salivary 
secretion may be churned to a froth by the spasm of the jaw muscles. 
There is great anxiety, which may be increased to a sort of mania, with 
delusions and hallucinations. The patient shudders; springs from his 
bed, and rushes to the door and about the room; clutches at his throat; 
gets on all fours and grovels on the floor; and, when restrained, begs to 
be allowed to go. 

Between attacks, the patient is quiet, and his mind is clear; though 
there is great anxiety. Even during the attacks, the patient is con- 
scious, and tries to avoid injury to those who are caring for him. 


Allen and Horne report a case where a child with rabies bit. her father 
VOT, TII.—84, 


030 RABIES 


on the hand; but it is not clear whether it was an accidental bite as a 
result of the father trying to relieve the child’s suffering during one 
of the spasmodic attacks. 

There is fever of 100° to 107° F. (38° to 42° C.) ; and high terminal 
temperature, such as is met with in a number of other conditions (as 
delirium tremens) may occur. Nausea and vomiting are common; the 
vomitus frequently being blood stained. In the beginning, the pulse 
is full and bounding, but later it becomes weak and rapid, especially 
during the attacks. The urine is decreased in amount, and does not 
contain albumin; but it may contain sugar. 

The patient may die suddenly, in a convulsion or from asphyxia, 
during one of the attacks; or the attacks may become more frequent, 
and the patient dies from exhaustion. More commonly, when the 
patient does not die during one of the attacks, he passes into the paralytic 
stage; the spasms stop, and there is great weakness and paralysis. The 
cessation of the spasms makes it possible for the patient to drink water, 
and the respiration is quiet; so there may be an appearance of im- 
provement. But the paralysis increases, and the patient passes into 
coma and dies. 

Duration—The prodromal stage may last three or four days, or 
it may be entirely absent; and the feeling of something in the throat and 
the inability to drink may be the first signs of the disease. Death does 
not occur in the prodromal stage. 

The stage of excitement lasts from one to four days; usually two 
or three days. Death is frequent in this stage from apoplexy; in a 
convulsion; or from asphyxia, suddenly, or after a short period of 
agony. 

The paralytic stage does not last over two to eighteen hours, and 
death is in coma. 

The average duration of the disease, from the time the spasms of 
the throat set in, is two to three days. 

II. Paralytic or Dumb Kabies—Just as with the dog, the pro- 
dromal stage and the stage of excitement may be very short, and the 
paralytic symptoms predominate from the start. Children and persons 
severely bitten, as by wolves, seem more liable to develop dumb rabies. 

Diagnosis.—The mortality in human rabies is 100 per cent., but it 
is possible to prevent development of rabies in man in over 95 per 
eent. of the cases by prophylactic inoculation after the person is bitten. 
This indicates the great importance of prompt diagnosis of rabies in 
animals; the dog being the animal that is all important in transmission 
of rabies to man. 

CLINICAL DIAGNOSIS OF RaBiEs IN Doa.—A climcal diagnosis of rabies 
in the dog is practically impossible, owing to the other conditions that 
may simulate rabies. The history of the dog is important. One of the 
most important signs is that a good-natured, playful dog becomes cross, 
and slinks away into a dark place; or a cross dog becomes affectionate. 
The dog may leave home and travel for miles; then return home, emaci- 
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ated, tired and torn from fighting. In the nature of things, it is diffi- 
cult to find evidence that a dog was bitten by some other animal. 

When a dog is suspected of being rabid, it should not be killed, but 
should be shut up and observed for ten days. lf, at the end of that 
time, the dog remains well, it may be considered that the dog was not 
rabid. 

LABORATORY DIAGNOsIS OF RABIES IN Doc.-——When a suspected rabid 
dog dies or is killed, the brain should be examined, since a laboratory 
diagnosis is the only way in which a satisfactory diagnosis can be made. 
In killing the dog, care should be taken not to crush or shatter the brain, 
as this leads to rapid contamination with bacteria and the brain will 
very soon be unsuited for animal tests. If the examination has to be 
made at a laboratory that is some distance away, the dog’s head should 
be cut off and sent to the laboratory, packed in ice. If it is necessary to 
send the head some distance for examination, and it is not possible to 
pack it in ice, the brain may be removed carefully and sent in 33 per 
cent. glycerin in water; or it may be packed in borax. 

1. Stomach Findings—In the examination of a dog for rabies, it 
is very important to examine the stomach and its contents. If the dog’s 
stomach contains normal stomach contents, and the small intestine con- 
tains normal intestinal contents, the probability is that the dog did 
not have rabies. On the other hand, if the dog’s stomach contains sticks, 
stones, leather and other indigestible matter, it is probable that the 
dog had rabies. It is necessary to be careful not to make a diagnosis 
of rabies on the finding of foreign substances in the stomach, as it is 
not uncommon for dogs to have masses of foreign matter—especially 
hair—in the stomach. In one case of suspected rabies in a pup, a mass 
of excelsior was found in the esophagus at postmortem, and it was 
difficult to say whether it was the result of the perverted appetite of 
a rabid dog or an accident to a playful pup. It is necessary to be very 
careful in interpreting the appearance of submucous hemorrhages in 
the stomach. 

2. Microscopical Examination of Brain.—(a) Direct E.ramination 
for Negri Bodies—In examining a brain for rabies, a direct micro- 
scopical examination for Negri bodies should be made. If the informa- 
tion obtained from this direct examination is not satisfactory, animals 
should be inoculated with the brain substance. At the same time some 
of the brain tissue should be preserved in neutral glycerin in the ice-box, 
for further animal inoculations in case of accident to the first set of 
animals. Possibility of accident must be guarded against in every way, 
in cases where the dog has bitten some person, as every day lost in making 
a diagnosis increases the patient’s danger of contracting rabies in case 
the dog was rabid. 

The brain is carefully removed from the skull, and parts of it taken 
for examination for Negri bodies. As the Negri bodies are in the large 
ganglion cells, it is necessary to take parts of the brain in which these 
cells are most numerous. For this reason the hippocampus major (Am- 
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mon’s horn) is usually taken; though Negri bodies can be found in the 
pyramidal cells in the cerebral cortex and in the Purkinje cells in the 
cerebellar cortex. There is less danger of confusion from other cell 
inclusions when material is taken from the hippocampus or the cerebral 
cortex for examination. 

Smears of the brain substance are examined, and if the information 
is not satisfactory, sections are cut and examined. If this examination 
does not give satisfactory information, some of the brain substance may 
be injected into guinea pigs or rabbits. 

There are numerous methods of staining smears and section for Negri 
bodies; but any one of the methods will give satisfactory results. The 
Lentz method is preferred for diagnosis, as it gives clean-cut differen- 
tial staining of the Negri bodies; and it is also possible to prepare 
stained sections in less than three hours by this method. 

Technic of Lentz Method of Stavning—A thin transverse slice of 
tissue through the hippocampus is spread between two slides by gentle 
pressure and drawing apart of the slides. Without allowing them to dry, 
the slides are placed in methyl alcohol for ten minutes, and are then 
washed in a mixture of absolute alcohol and ether. For the staining, five 
solutions are used: (1) A 0.0 per cent. solution of water-soluble eosin in 
60 per cent. aleohol; (2) Loeffler’s methylene blue solution; (3) Lugol’s 
solution; (4) five drops of a 1 per cent. solution of sodium hydrate in 
absolute alcohol added to 30 ¢.c. of absolute aleohol; and (5) one drop 
of 50 per cent. acetic acid solution in 30 ¢.c. of absolute alcohol. All 
of the solutions keep well, but the alkaline alcohol must be free of 
water. 

For sections, a transverse slice of the hippocampus, not over 2 mm. 
in thickness, is placed in acetone in the incubator at 37° C. for one 
hour, then in paraffin in the incubator for one hour; embedded and 
thin sections cut. 

Stain in the eosin solution for one minute; wash in water; stain 
in Loeffler’s methylene blue one minute; wash in water; mordant with 
Lugol’s solution one minute; wash in water; differentiate in methyl 
alcohol until the specimen is red; wash in water; stain with Loeffler’s 
methylene blue solution half a minute; wash in water; blot dry with 
filter paper; differentiate in alkaline alcohol until only a faint tinge 
of eosin is left; differentiate until only the ganglion cells appear faint 
blue under the microscope, the background of the specimen appearing 
faint pink; wash quickly in absolute alcohol. Smears are examined 
direct with oil immersion lens; sections are carried through xylol and 
mounted in balsam. . 

The Negri bodies appear crimson in the pale blue cytoplasm of the 
ganglion cells, the inner bodies being stained dark blue to black. The 
red cells are stained vermillion and cannot be mistaken for Negri 
bodies. 

Williams’ Method of Staining—Williams makes smears from the 
cerebral cortex, Ammon’s horn and the cerebellum. The partly or com- 
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pletely air-dried smears are fixed for about ten seconds in methy! alcohol 
(that has been neutralized by the addition of about 0.25 gram sodium 
carbonate to 500 c.c. of the alcohol) with 0.1 per cent. picric acid. The 
staining solution is 0.5 part saturated alcoholic solution of basic fuchsin 
and 10 parts of saturated alcoholic solution of methylene blue, in 30 
parts of distilled water. The staining solution is kept in the ice-box, as it 
deteriorates rapidly at room temperature. The stain is poured on the 
smear and held over the flame until it steams. The smear is then washed 
in tap water and blotted with filter paper. The Negri bodies appear 
magenta color, the nerve cells blue, and the red blood cells yellow or 
salmon color. 

Heidenhain’s Hematoxylin Stain—While Lentz’s stain is satisfac- 
tory for diagnosis, it is not suited for study of the finer structure and 
for demonstration of the coceus-like granules in the central nervous 
system and in the salivary glands. The material is fixed in sublimate 
alcohol, and is stained with Heidenhain’s hematoxylin, with a light 
counter-stain of eosin. The coccus-like granules appear as black points 
surrounded by a narrow clear zone, scattered through the tissue in 
regular groups. 

(b) Inoculation Tests with Brain Emulsion.—If the examination for 
Negri bodies does not give satisfactory information, some of the brain 
tissue (preferably medulla oblongata) may be emulsified in physiological 
salt solution and injected into animals. Rabbits are commonly used, 
though a number of laboratories use guinea pigs. The latter are more sus- 
ceptible to rabies than are rabbits, and the incubation period is shorter. 
Drawbacks to use of guinea pigs are that the disease is irregular in the 
pig, and not infrequently the pig dies in a few hours from the time 
it shows symptoms; so a second passage may be necessary to insure a 
diagnosis. The disease is regular in rabbits. Remlinger advises the in- 
oculation of a pig and a rabbit with the brain emulsion; or the inocula- 
tion of a pig, and when the pig dies, the inoculation of a rabbit from it. 
A number of laboratories recommend the rat for diagnosis of rabies, on 
account of its greater resistance to infection with contaminating bacteria 
which may be present in the suspected material, and also because it is 
less likely than the rabbit to die of intercurrent disease. 

- If the brain tissue being examined is fresh and free from contamina- 
tion, it is best injected subdurally or intracerebrally, through a small 
trephine opening. If the brain tissue is contaminated, it 1s necessary 
to inject it into the muscles of the back, or even subcutaneously, as sub- 
dural injection would kill the animal. Guinea pigs may be inoculated 
in the muscles at the nape of the neck or the thigh. The incubation 
period in the rabbit is 12 to 21 days, though it may be 4 to 6 weeks; 
and experimental animals should be kept under observation for two 
months. The incubation period is commonly under 20 days in the 
guinea pig. 

Subdural or intracerebral inoculation is the best, as it gives 100 per 
cent. of positive results; injection into the muscles on both sides of 
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the spinal column gives 95 per cent. of positive results, while subcu- 
taneous injection gives only about 50 per cent. of positive results. 

In rabbits, rabies is usually of the paralytic form, though there 
are convulsions at times. Furious rabies is rare in rabbits, but it does 
occur. Street virus usually causes paralytic rabies in the guinea pig. 
The animal dies in 2 to 4 days after the beginning of symptoms; and 
the brain is examined for Negri bodies, as was the dog’s brain in the 
beginning. 

It is generally considered that production of a disease typical of 
rabies, by the injection of emulsion of brain, is sufficient evidence on 
which to base a diagnosis of rabies. Jlowever, search should always 
be made for Negri bodies in the brain of the experimental animals. 
Several observers have reported diseases which resembled rabies, but 
which could not be identified as rabies. The ‘‘ Pesta de cocar,’’ or ‘‘ Mo- 
lestia de Aujeszky,’’ reported by Carini and Maciel, appears to be a 
specific disease which, if it is not rabies, does not deserve to be called 
pseudo-rabies. 

Diagnosis in Man.—In man, the diagnosis of rabies must be made 
from the history and the clinical picture. <A history of being bitten by 
a dog a month or two before—especially if a stray dog—together with 
irritation of the site of the bite, is strong indication of rabies. But one 
must be on guard against lyssophobia: in the latter case the stigmata 
of hysteria are present. Tetanus, delirium tremens and drug poisoning 
need only to be kept in mind to differentiate. Rabies is not uncom- 
monly very irregular in man, and the disease may be confused with 
poliomyelitis or meningitis. The syndrome of Landry’s paralysis should 
always make one think of rabies. The paralyses of the antirabic treat- 
ment are of the type of Landry’s paralysis. There is an early leukocy- 
tosis in rabies. Negri bodies are found in the brain of man in about 40 
per cent of the cases; so it is frequently necessary to inoculate animals 
to make the diagnosis. 

Treatment.—GENERAL PROPHYLAXIS.—More than 90 per cent. of all 
cases of rabies in the human are due to dog bites; and the disease is 
kept in existence by the canine family. For this reason, measures di- 
rected against the source of the infection are primarily directed against 
rabies in the dog. Muzzling of dogs, destruction of stray dogs, and a 
high dog tax are the measures to be enforced. 

In the Department of the Seine, the measures for the control of the 
disease in dogs consist in destruction of all stray dogs and a dog tax. 
The amount of canine rabies was greatly reduced, and rabies in man 
ceased to exist. Since the recent war began, there has been some increase 
in the number of persons applying for Pasteur treatment, possibly as 
a result of difficulty in keeping up a strict enforcement of the measures 
for control of dogs. 

In England, rabies has been eradicated by strict enforcement of the 
order for muzzling dogs. Before 1890, the number of cases of human 
rabies increased to such an extent that muzzling of dogs was enforced; 
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the result being that the number of cases fell markedly in the next three 
years. Asa result of opposition to muzzling, the order was not so strictly 
enforced in the next three years, with the result that at the end of that 
three years the number of cases of human rabies had increased to twice 
what it had been before the period of muzzling. Muzzling was again 
enforced, with the result that the number of cases of human rabies de- 
creased markedly, until, in 1900, there were no cases of human rabies in 
England. After an absence of about twenty years, rabies has reap- 
peared in England, probably as a result of relaxation of regulations 
during the war. 

In regions where wolves, jackals, coyotes, foxes and skunks play a 
part in the spread of the infection, special efforts at their destruction 
are necessary. 

PERSONAL PROPHYLAXIS.—It is Important to avoid being bitten by, 
or having abrasions soiled by the saliva of, rabid animals. If necessary 
to work with a rabid animal, or to make a postmortem examination of 
an animal dead of rabies, it is necessary to wear gloves, and to see 
that there are no abrasions on the skin. Attendants on cases of human 
rabies should wear gloves and see that they have no skin abrasions. 

Since rabies has a mortality of 100 per cent. in man, it becomes of 
the greatest importance to prevent the disease. When a man is bitten 
by a dog, it is necessary to consider the possibility of rabies, and to 
treat the man according to whether or not the dog is rabid. The funda- 
mental principle is that, unless it is possible to satisfactorily determine 
that the dog was not rabid, the man should be treated as though the dog 
was rabid. 

PROPHYLACTIC TREATMENT.—Prophylactic treatment consists in local 
treatment of the wound and general treatment in the form of immuni- 
zation against rabies. The wound is always to be treated as though 
the dog was rabid—unless it is immediately evident that the dog was 
not rabid—since it is not possible to wait to treat the wound until the 
condition of the dog is determined. The wound is to be thoroughly 
cleaned with an antiseptic solution, it being opened freely to the bot- 
tom and all! shreds of torn tissue trimmed away. The wound should be 
encouraged to bleed. Of great importance is a thorough cauterization 
with nitric acid, which seems to have a specific action on the rabies 
virus. It has been shown that it is possible to prevent rabies in about 
40 per cent. of experimental animals by applying a tourniquet above the 
wound and ecauterizing the wound with nitric acid. A simple dressing 
should be applied. 

History of the Dog.—Whether the bitten person shall be immunized 
must depend on the determination of whether the dog was rabid; and the 
history of the dog and the conditions under which he bit are of great 
importance in determining this. If the man was accidentally bitten 
when playing with the dog, or was bitten when teasing the dog, or was 
bitten by a known vicious dog, it is not necessary to begin immuniza- 
tion; but the dog must be kept under observation for ten days. On the 
other hand, if the man was bitten by a stray dog that ran up and bit him 
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without provocation and ran on, or by a known dog that shows signs 
of being sick and, especially, becomes cross, it is necessary to consider 
beginning immunization at once. 

A couple of examples will illustrate how the history may or may not 
be of value in determining whether the dog was rabid. A stray dog ran 
among a group of soldiers, snapping right and left, and bit five of the 
men; then it ran on and began jumping and biting at the noses of a 
team of horses until the driver got down from the wagon and killed the 
dog. Under such conditions, the men should have been immunized at 
once; but the virus was not available, and one man died of rabies a 
month or two later. In another case, an old dog that had been a house 
dog and a pet for years was taken sick,-without any signs of change 
of disposition, and without any definite signs as to what was the trouble, 
except that there was trouble in swallowing. The owner, who was a 
physician and familiar with rabies in the ordinary form, called a 
veterinarian; and the veterinarian repeatedly placed his hand in the 
dog’s mouth to examine for anything there might be in the throat. The 
dog never showed any signs of snapping or biting, and the children 
eared for the dog until its death. Negri bodies were found in the brain 
of the dog; and animals inoculated with brain substance of the dog de- 
veloped rabies. On finding the Negri bodies, the children were im- 
munized; but the veterinarian decided not to be immunized. No one 
developed rabies. 

Indications for Antirabic Vaccination.—It is necessary to carry out 
antirabic vaccination in every case where there is a chance that the per- 
son has been inoculated with rabies virus; at the same time it is de- 
sirable not to submit the person to the treatment unnecessarily. On 
this account, different workers have formulated lists of /ndications for 
Antirabic Vaccination; Heller and Rothermundt give the following indi- 
cations, with a table from Marie and Remlinger: 

1. Ifa man 1s (a) bitten by a dog, (0) has the uncovered skin soiled 
with froth or saliva, or (c) is scratched by the dog, it is not necessary 
to give antirabic vaccination if the dog is known, or is observed promptly 
and shows no disturbance, provided it is known that there has been 
no rabies in the region for six months. If there is rabies in the dis- 
trict, it 1s advisable to start antirabic vaccination at once, and to con- 
tinue it until the dog can be observed for ten days. 

2. All other cases are handled as follows: 


1. If the dog dies in less 
than ten days after 
biting the man. 

2. If the dog is killed in 
less than ten days 
after biting the man. 

3. If the dog disappears. 

4, If the dog is unknown.) 


rAntirabic vaccination should be carried out. 
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1. Develops rabies. 
Antirabie vaccination 
should be carried out. 


2. Dies under sus- 
picious circum- 
stances. 


5. If the dog is living and 
is observed for ten 
days. 


3. Is sick, but lives 


antirabie vaccination 
over ten days. 


carried out if he de- 
velops rabies. 


4. Remains well at 
the end of the 
ten days’ ob- 
servation. 


Antirabie vaccination 
should not be carried 
j out. 


The dog should be 
ce further, and 


In all cases where the dog is killed or dies under suspicious cireum- 
stances, it is important to have the brain examined for Negri bodies, 
and to have animal imoculations carried out, in case the microscopic 
examination of the brain should not furnish the satisfactory informa- 
tion. 

Development and Methods of Antirabic Vaccination.—In 1881, Gal- 
tier immunized sheep against rabies by giving them intravenous injec- 
tions of the saliva of rabid dogs. I3ut Pasteur’s work placed antirabic 
vaccination on a practical basis. Based on the results in small-pox vae- 
cination, Pasteur considered it possible to attenuate the virus of rabies, 
and to produce immunity with that attenuated virus. His first experi- 
ments were carried out by passing the virus through monkeys, and using 
the spinal cord from these monkeys for immunization of dogs. He 
began his treatment with cord from a monkey injected with a virus 
that had been through a number of passages in monkeys, and for each 
succeeding injection used a virus of shorter passage, until he reached 
a virus that had been only once through a monkey. 

From his success with this method of immunization, Pasteur sim- 
plified the method by using rabbits instead of monkeys; and he attenu- 
ated the virus by drying it for different lengths of time. He began 
treatment with a cord that had been dried for a number of days, and 
used a cord that had been dried a shorter time, until the final doses 
were with a cord that had been dried only three days. 

As Pasteur’s method of antirabic vaccination came to be used in 
numerous laboratories, various modifications of the method were de- 
veloped. 

Hoégyes held that Pasteur’s method did not attenuate the virus, but 
that it diluted the virus, in that the virus died out gradually during 
the drying. On this basis, Hégyes used undried cord, beginning with 
a dilution in such a dose that it would not cause rabies when injected 
into an animal, and gradually increased the dose. 
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Other laboratories attenuated the virus by heat, by the action of 
artificial gastric juice, by the action of glycerin, and by the action 
of 1 per cent. carbolic acid solution. 

The method was further modified by injecting serum of an im- 
munized animal at the time the virus was injected, or by mixing the 
immune serum with the virus and injecting the mixture. 

Ferran’s method is of interest, in that it demonstrates that man 
stands large doses of undiluted and unattenuated fixed virus, without 
developing rabies. Ferran gave large doses of undiluted and unattenu- 
ated fixed virus subcutaneously. 

Other methods are of scientific interest but not of practical im-: 
portance. 

Various workers showed that the injection of normal nervous tissue 
produced immunity against rabies; but Marx held that this was not a 
specific immunity, but only a non-specific increased resistance. 

Where dried or attenuated virus is used, it is usual to inject constant 
or varying lengths of cord, beginning with the longer dried, or more 
attenuated, and gradually increasing to the more virulent cord. The 
following table may be taken as the type of this form of treatment: 


Day of Day of 

treat- Amount of Age of _treat- Amount of Age of 

ment cord cord ment cord cord 
1 2 ee. 3 days 12 2 @.¢. 1 day 
2 2 ¢.e. 2 days 13 2 &.€. 3 days 
3 2 ce. 1 day 14 2 ¢e. 2 days 
4 2 @.¢. 1 day 15 2 €.¢. 1 day 
) 2 ¢.¢. 3 days 16 2 ec. 1 day 
6 2 Ce, ' 2 days 17 2 ©.¢. 3 days 
7 2 C.€. 1 day 18 2 ©.¢. 2 days 
8 2 ¢.C. 1 day 19 2 «.e. 1 day 
9 2 ©e. 3 days 20 2 Ce. 1 day 
10 2 ¢.C. 2 days 21 2 Ge 1 day 
11 2 Gc. 1 day 


In the case of severe bites, this course may be repeated in a month. 
This treatment is intensified in some institutes by giving two injections 
a day for five or six days in the beginning. 

The Public Health Service begins with 8-day dried cord, and reaches 
a 3-day dried cord on the second day of the treatment. Children 
receive a smaller dose of the shorter dried cord than do adults. 

Where the Hogyes dilution method is used, it 1s usual to inject vary- 
ing amounts of different dilutions of the ground-up cord, beginning 
with a high dilution, and gradually increasing to the stronger suspen- 
sions. The following table will serve as a type of this form of treat- 
ment: 
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Amount in 
Day of treatment Dilution cubic centimeters 
1 day morning 1: 10,000 + 1: 8,000 3—3 
afternoon 1: 6,000 + 1: 5,000 3—3 
2 day morning 1: 5,000 3 
afternoon 1: 2,000 2 
3 day morning 1; 2,000 2 
afternoon 1: 1,000 1Y, 
4 day morning 1: 1,000 1% 
afternoon 1 500 1 
5 day morning 1: 200 1 
6 day morning 1: 6,000 + 1: 5,000 3—3s 
afternoon 1: 2,000 2 
7 day morning 1: 2,000 2 
afternoon 1: 1,000 1l, 
8 day morning 1: 1,000 ihe 
afternoon 1 500 
9 day morning 1: 200 ‘ 
10 day morning 1: 6,000 + 1: 5,000 3—3 
afternoon 1: 2,000 2 
11 day morning 1: 2,000 2 
afternoon 1: 1,000 1% 
12 day morning 1: 1,000 ly, 
afternoon 1 500 1 
13 day morning 1: 200 1 
14 day morning 1: 100 1 


For severe injuries, or injuries about the head, this course is often 


intensified by giving more and stronger emulsions, and by continuing 
the injections for 20 days. 

In some laboratories serum from rabies-immune animals, usually 
dogs, is used, in addition to the injection of the vaccine. Babes gives 
a course of vaccine in the regular way, and then gives two doses of 
20 ¢.c. each of immune serum, with one day intervening between the 
doses. Marie uses a mixture of the vaccine and immune serum, in which 
there is a slight excess of vaccine. The results from this method are 
entirely satisfactory. 

In all methods, the injections are given in the right and left hypo- 
chondrium alternately. 

With all of the methods, where the bites are numerous or espe- 
cially severe, or are on the face, it is usual to intensify the treatment 
by giving more injections, and of more virulent virus, in the first few 
days of the treatment. 

The usual methods of carrying out the antirabic vaccination require 
that one or more rabbits shall be inoculated every day, in order that 
there shall always be a supply of virus of the right age available. This 
1s an expensive matter for small laboratories that have only occasional 
cases to treat. For this reason, there has been effort to develop a 
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method by which it is possible to preserve the virus for some time. Cal- 
mette dried the cord the required number of days and preserved it 1n 
glycerin, and found that the virulence was retained for twenty-five to 
thirty days. In this way, cord of proper length of drying can be kept 
on hand. Calmette did not use cord that had been longer than two 
weeks in glycerin. 

Harris applied Shackell’s method of freezing and drying bacteria 
to the freezing and drying of the rabies virus in vacuo; he found that 
the virus so dried, and kept dry and eold, retained its virulence un- 
changed for six months. This method of preserving the virus is used 
in connection with the dilution method of carrying out the antirabic 
vaccination. 

Koch considers that potassium iodid is of value in the prevention 
of rabies; and every person is given a course of potassium iodid while 
taking the antirabic vaccination at Koch’s Institute in Berlin. 

Accidents during Antirabic Vaccination.—In general, there is no in- 
convenience from the vaccination. The local reaction is not severe, 
and the patient can be up and around during the vaccination. 

Geiger has studied the local reactions of the Pasteur treatment. 
He finds that the local reaction very regularly appears on the seventh 
and eighth days, and on the fifteenth and sixteenth days. Occasionally a 
patient will have a reaction every day; and rarely will he have no 
reaction at all. The reaction consists of an edematous area, with 
erythema, itching, pain and tenderness. The largest area of local re- 
action was 10 by 12 ems. Sometimes there is slight general reaction, 
in the form of malaise and slight fever. He considers the reaction as 
due to hypersensitiveness to the nervous tissue injected; but he also 
notes that the reaction is more marked with the use of high potency 
virus. 

Aside from the persons dying from rabies due to the bite of the ani- 
mal for which they were being treated, there have been a few cases 
in which there seems to have been disturbance from the vaccination 
itself. In over 200,000 persons treated, Simon collected 103 that de- 
veloped untoward symptoms during treatment, including those who 
developed rabies from the bite for which they were under treatment. 
Simon tabulated 100 cases of paralysis among 217,774 persons treated. 
Thus, of the persons treated, 0.048 per cent. developed paralysis. 

Fielder collected 142 eases of ‘‘treatment paralysis.’’ Cases of 
paralysis are very rare among persons treated by the Hogyes dilution 
method: 3 cases in 51,417 persons treated, a per cent. of 0.000058. 

Mejia tabulates the cases of paralysis among the persons treated at 
the Pasteur Institute in Buenos Aires. Of 19,800 persons treated, 24 
developed paralysis. 

The paralysis usually develops about the fifteenth to the twentieth 
day—not infrequently as early as the eleventh day—after the begin- 
ning of antirabic treatment. Mejia used two methods of injection: one 
in which he gave 26 injections in 19 days, and one in which he gave 
19 injections in 11 days. When the shorter course of treatment was 
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used, the paralyses came on the last day of the treatment or the day 
after; that is, 11 or 12 days after the treatment was started. When 
the longer course was used, the paralyses came from one day to a week 
after the last injection; that is, 16 to 20 days after the treatment was 
started. 

One of Mejia’s cases of paralysis was a child, 6 years old, which 
received 26 injections in 15 days. The child was seen one month after 
completion of treatment, and was entirely well. A few days later, 
the child received a blow while playing in a hammock, in the morning. 
That afternoon, the child vomited; and paralysis developed the next 
day. Apparently the injury was not of such a nature that it could 
have been the direct cause of the paralysis. 

In all of the cases of paralysis, the picture is very much the same. 
It begins with loss of appetite, mild fever, considerable stiffness 
in the back and weakness in the legs. This weakness in the legs 
increases to complete paralysis, and ascends, involving the sphincters 
of the bladder and rectum. The paralysis may extend upward and in- 
volve the upper extremities and the face, and there may be bulbar 
symptoms. There may be disturbance of respiration and heart action 
and difficulty in swallowing. Mejia’s cases of paralysis were in the 
form of transverse myelitis, multiple neuritis and ascending paralysis. 
The picture is frequently that of Landry’s paralysis. There may be 
pain in the scar of the bite for which the person is being treated. 

The condition lasts for two or three weeks, and recovery is com- 
plete. Remlinger collected 40 cases, of which 38 recovered. Of Simon’s 
tabulation of 100 cases, 81 reeovered; in Fielder’s tabulation of 142 
eases, 118 recovered; and in Mejia’s 24 cases, 20 recovered. As these 
tabulations, especially Simon’s, include cases who developed rabies dur- 
ing the treatment, it appears that the mortality among persons who 
develop paralysis is not over 15 or 16 per cent. In Simon’s tabulation, 
of the persons treated, 0.00812 per cent. died. 

It is not easy to explain these paralyses, and it has been suggested 
that they are due to various causes, as follows: 


1. Abortive cases of the paralytic form of rabies, re- 
sulting from the bite for which the person is 
being treated, which recover under the anti- 
rabic treatment. 

2. ._Abortive cases of the paralytic form of rabies, 
due to the fixed virus inoculated. 

3. The toxin of the rabies organism. 

4. The toxic action of the material used in the injec- 
tion, other than the toxin of the rabies organism. 

o. Anaphylaxis. 


It is possible that the condition may be due to more than one of 
the above causes. Fielder considers it as generally due to the fixed 
virus used in the treatment, either a virus infection or the toxin, or 
both. Fixed virus has been found in the brain of some cases dead 
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of treatment paralysis; in other cases, no rabies virus was found in the 
brain. 

Mejia considers the paralyses are due to the virus itself, and 
warns against too rapid pushing of the treatment. He says that certain 
people have an idiosynerasy, and that some organisms do not react as 
well as others in the presence of toxic or infectious substances. 

The rarity of the condition following use of the dilution method 
of treatment is important. The possibility of bacterial contamination 
of the material used for the injection should be kept in mind and 
guarded against. 

Personal idiosyncrasy plays an important part in the development 
of these treatment paralyses. The condition rarely affects children. It 
is to be remembered that persons who have been bitten by a dog are 
likely to have nervous and hysterical symptoms. 

So, it is evident that antirabie vaccination is not without an ele- 
ment of danger, and should not be given unnecessarily. 

Contra-indications to Antirabic Vaccination.—There are no contra- 
indications. The treatment is stopped if the patient develops rabies or 
treatment paralysis during the vaccination. Other diseases, or preg- 
nancy, are not contraindications. There may be relapse of malaria 
during the vaccination, but it is to be treated in the usual way. 

Availability of Antirabic Vaccination—Commercial firms and Boards 
of Health throughout the country prepare the vaccine for antirabic 
vaccination and send it out in syringe containers, ready to inject: full 
instructions accompany each package of vaccine. 

Results of Antirabic Vaccination—'the probability of failure of 
antirabic vaccination depends on a number of factors. The nearer the 
bite is to the central nervous system the greater the danger, as with 
wounds on the face or head; wounds on uncovered parts of the body 
are more dangerous than where the bite was through clothing; the 
number and extent of the bites are of importance; the most dangerous 
bites are, in descending order, those of wolves, jackals, cats, dogs and 
other animals. Of 569 persons treated at the Shillong Pasteur In- 
stitute in 1917, 5 died of rabies—4 of these being bitten by jackals; and 
of + failures of the antirabic vaccination, 3 were bitten by jackals. One 
jackal was reported to have bitten as many as thirty people. It is 
to be remembered that a dog, in licking a wound, or soiling it with 
froth from the mouth, may inoculate with rabies; and there seems to 
be some indication that superficial wounds and abrasions are apt 
to be dangerous, possibly because they usually get no local treatment 
at all. Of less importance is the age of the person, antirabic vaccina- 
tion being more likely to fail with young persons than with older 
persons. 

Of great importance is the length of time after the bite before the 
beginning of the protective vaccination. Where the wounds are severe, 
and a period of ten days has elapsed since they were received, it is 
not possible to prevent rabies by antirabie vaccination. Where the 
patient comes late for treatment, it is possible to give an intensive 
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course of treatment, and thus lessen the danger of failure; but in many 
such cases the virus has already spread in the nervous system and 
the vaccination fails. In addition to this, there are cases in which 
the treatment is begun early and is carried out properly, yet the patient 
develops rabies. It seems that in such cases there has been a failure 
on the part of the tissue to elaborate antibodies, just as there may 
be failure to elaborate antibodies against any infection. In other 
cases the vaccination merely holds the virus in check, and a shock or 
injury, perhaps months afterward, may lead to development of rabies. 

Using the frozen and dried virus by the dilution method, Harris 
says the time required for immunization is shortened over the Pasteur 
method by more than half. He collected reports of 1159 persons who 
had been treated with the frozen and dried virus by the dilution method. 
No person developed rabies after fifteen days following the last in- 
jection. One died during the treatment and one died 14 days after the 
first injection. There were no paralyses. The proportion of persons 
developing paralysis from the dilution (Hiégyes) method, is about 1 
in 17,000. 

It is considered that at least 14 days must elapse after completion 
of the vaccination before the person is immune, and on that basis it is 
usual to eliminate cases developing rabies during the treatment, or 
within 15 days after completion of the treatment, in calculating the 
value of antirabic vaccination. 

Not all persons bitten by a rabid animal will develop rabies, the 
proportion being given as about 1 in 6. Since it is impossible to de- 
termine whether a large part of the persons receiving antirabic vaccina- 
tion were bitten by rabid dogs, it is not possible to say what proportion 
of the treated persons fail to be protected. 

In determining the results of vaccination, the patients are divided 
into three classes, according to the information available as to whether 
or not the biting animal was rabid: 


A. Cases where the biting animal is proved to be 
rabid by natural or experimental inoculation. 

B. Cases in which the biting animal is diagnosed as 
rabid by a veterinarian. (Certified rabid.) 

C. Cases in which the biting animal is suspected of 
being rabid. 


The following table of persons treated at the Pasteur Institute, 
Paris, in 1916, gives an idea of the results of vaccination in these dif- 
ferent classes: 





Year, 1916 Treated Died Mortality (per cent.) 
Class A 188 3 1.59 
Class B 658 0 0 
Class C 542 0 0 
Total 1388 3 0.21 
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From its establishment in 1886 to the end of 1916, the Pasteur Insti- 
tute in Paris vaccinated 36,534 persons, of whom 133 developed rabies 
after an interval of 15 days following the completion of the treatment ; 
that is, 0.36 per cent. 

Remlinger collected the statistics of all institutes over varying 
periods of years; and his table shows that of 152,859 persons vaccinated, 
705 (0.46 per cent.) developed rabies after an interval of 15 days fol- 
lowing the completion of vaccination. There are great differences in 
the results from different institutes, the higher percentages of failures 
probably being where wolf bite is more frequent, where it is difficult 
for the people to reach the institute, and where the people are careless 
about prompt treatment. 

Immunity Following Vaccination.—The immunity in man, following 
vaccination, lasts about one year. Williams cites the case of a man who 
developed rabies 14 months after antirabic vaccination, and 6 weeks 
after exposure to infection. 

Marie found dogs immune 18 months after vaccination. Ravenel 
states that in dogs the protection has disappeared, at the end of one 
year in 21 per cent.; at the end of two years in 33 per cent.; while it 
persists for five years in others. 

Mechanism of Immunity.—Fixed virus, injected into man, is killed 
before it reaches the central nervous system; and the organisms, being 
broken up, act as antigen and lead to the development of rabicidal 
substances which circulate in the serum of the vaccinated person. This 
development of rabicidal substances can be demonstrated in vaccinated 
animals. There is undoubtedly a tissue immunity, as is found in other 
immunity reactions, as vaccinated animals are immune after it is no 
longer possible to demonstrate rabicidal substances in their blood. 

Dilutions of virulent material Jead to active development of rabicidal 
substances, while dried, avirulent material leads to the production of 
a much lower grade of immunity. From this, it appears that the im- 
munity results from the breaking down of the rabies organism itself 
and not from the rabies toxin. Since it is possible to produce increased 
resistance to rabies infection with injections of normal nervous tissue, 
it is necessary to remember that the immunity produced by the dried, 
avirulent material may be of the nature of a non-specific increased re- 
sistance, rather than specific immunity. 

Heredity of Immunity.—Exceptionally, in animals, an immune 
mother transmits immunity to the young through the placenta; but 
this immunity is never transmitted to the next generation. 

TREATMENT OF THE DEVELOPED ATTACK OF RaBiesS.—The patient 
should be put to bed and kept there, a restraint apparatus being used 
if necessary. As any stimulus brings on the spasmodic attacks, the 
room should not be brightly lighted, and there should be no sudden 
noises, drafts of air or other sudden stimuli. Generally liquids cannot 
be swallowed ; but semi-solids can often be swallowed. Ice cream and 
custards may be taken. When nothing can be swallowed, food may be 
given by rectum, and thirst may be relieved in the same way. 
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The ordinary sedatives have very little action in controlling the 
spasms; but it is advisable to give morphin hypodermically, in an effort 
to diminish the severity of the spasmodic attacks. Inhalation of choloro- 
form may give relief from the attacks; and chloral and bromids may 
be given by enema. Curare and calabar bean have been recommended, 
and there are reports of recovery under the use of curare. Atropin 
is advised by some of the authorities in India. 

Moon and Harris reported cures of rabies from the administration 
of quinin; Haberlin reported a cure from the injection of phenol solu- 
tion after the manner of Bacelli’s method for the treatment of tetanus; 
and Tonin reported a cure from the use of salvarsan. Unfortunately, 
further trial has not confirmed the value of any of these methods of 
treatment. 

Prognosis.—It is generally held that rabies in man is fatal in 100 per 
cent. of ihe cases; and that the reported cases of recovery are cases 
of lyssophobia. It seems pretty definitely agreed that there are occa- 
sional cases of recovery in dogs. While it is possible to transmit rabies 
to birds—chickens and pigeons—the disease is usually mild, and tends 
to spontaneous recovery. 

The development of rabies in man can be prevented by prompt pro- 
phylactic inoculations in over 95 per cent. of the cases bitten. 

Pathology.—Macroscoric.—In general, there are no gross changes 
in the animal dead of rabies. There is emaciation; and there is a 
eatarrhal condition of the mucous membrane of the nose and mouth. 
There may be no change in the central nervous system. More com- 
monly, the brain and the meninges are congested and edematous, and 
there may be pin-point hemorrhages and areas of softening in the depth 
of the brain and cord; the areas of softening in the cord being espe- 
cially common in man. Not infrequently the spinal cord is softened, 
especially when the animal has died of paralytic rabies. 

The stomach is shrunken, and contains no food; but is filled with 
foreign substances as sticks, stones, hair, straw, leather and any other 
foreign substance the dog may have picked up during the period of 
excitement. There are often hemorrhagic erosions in the gastric mucosa, 
but this is probably not connected specifically with rabies. 

Microscopric.—In a section of the central nervous system, as the 
spinal cord, one of the striking things 1s the blood-vessel changes. 
The blood-vessels are dilated and packed with red cells; and in places 
there are minute aneurysms or ruptures of the vessel wall, giving rise 
to the minute hemorrhages that are seen in the gross specimen. These 
hemorrhages may destroy the surrounding ticsue, and produce the areas 
of softening. The vessel walls are thickened and are infiltrated with 
leukocytes; the perivascular lymph spaces being filled with leukocytes. 
There are hyaline areas in the vessel walls, and some vessels are plugged 
with masses of leukocytes or fibrin. These changes are especially marked 
in the anterior and posterior horns and about the central canal, in the 
spinal cord. 


But 1t is in the nerve cells in the central nervous system that the 
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most striking changes are found in rabies (Fig. 1). The outline of 
the ganglion cells becomes indistinct; the nucleus is granular and frag- 
mented ; the cytoplasm is granular and stains diffusely with eosin, and 
shows hyaline change. The cell is vacuolated or may contain large 
spaces; and when the process has lasted some time the cells may be 
changed to granular, fatty masses. In cases of long duration, there is 
granular and fatty change in the neuroglia cells. About these degen- 
erated ganglion cells is the same leukocytic infiltration that is found 
about the blood-vessel walls; and these areas of infiltration about the 





Fig. 1—RABIES TUBERCLE IN THE MEDULLA. (From Ravenel, in Osler and McCrae’s 
‘*Modern Medicine,’’ Lea & Febiger.) 


blood-vessels and the degenerated nerve cells, scattered through the 
central nervous system, are the ‘‘rabies tubercles’’ of Babes. 

The specific finding 1s the Negri bodies in the ganglion cells in the 
central neryons system. Manouelian reports the finding of Negri bodies 
in the cytoplasm of the ganglionic nerve cells in the salivary glands. 
The gland epithelium degenerates and is taken up by endothelial cells. 
No Negri bodies are found in the gland epithelial cells. 

Lentz described peculiar bodies in the large pyramidal cells in the 
hippocampus major of rabbits that had been inoculated with passage 
virus. From their resemblance to Negri bodies, and their presence in 
the brain of animals inoculated with passage virus, Lentz called them 
‘passage bodies’’ and considered them specific for passage virus. Other 
authorities have considered these bodies as degenerated cells, such as 
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are found in rabbits which have been poisoned with diphtheria toxin, 
and hold that they are not specific. 

The change in the central nervous system is inflammatory in nature, 
and was considered an acute myelitis by Schaffer. Golgi considered it 
as a parenchymatous encephalomyelitis which combined irritative and 
degenerative changes. The changes in the nerve cells and neuroglia 
are due to the action of the toxin formed by the virus, which has a 
special affinity for the central nervous system. 

History.—It is convenient to divide the history of rabies into four 
periods, the first period going back to ancient times. Akteon, son of 
Aristeus, died of rabies about 13 centuries B. C. (Yount). The disease 
was well known in Aristotle’s time (26 B. C.), as he writes, ‘‘ Dogs 
suffer from madness. It throws them into a state of fury, and all ani- 
mals which are then bitten are also attacked with madness, with the 
exception of man’’: it is quite possible that this refers to the form 
of the disease, rather than that man was not considered to have rabies. 
Human rabies was well known at the time of Celsus, in the first cen- 
tury A. D. From this time until 1800 little was added to the knowledge 
of rabies. Indeed, it was during the latter part of this period 
that were developed so many of the ideas that still are not entirely dead: 
Zwingers’ idea that a non-rabid dog could transmit rabies to man; and 
Bosquillon’s idea that there was no special rabies virus, but that fear 
alone could produce the disease. Meads, in 1767, and van Swietens, in 
1770, described the paralytic form of human. rabies. 

The second period began in 1804, when Zinke transferred rabies from 
an infected animal to another animal, by painting the saliva of a rabid 
dog onto a fresh wound on another dog, the second dog developing rabies. 
He also transmitted the infection to a rabbit and to a chicken in the 
same way. The method of transmitting rabies from dogs to rabbits 
was developed and, in 1879, Galtier showed that this was a good method 
of determining whether a dog had rabies; and Raynaud showed that the 
rabies virus could be transmitted from man to rabbits. In 1826 von 
Kriigelstein expressed the opinion that the rabies virus was in the 
eentral nervous system; and Duboué, in 1881, confirmed this finding, 
and considered that the virus reached the central nervous system by way 
of the nerves. | 

The work of Pasteur and his co-workers marks the third period in the 
study of rabies. Pasteur showed that the rabies virus is constantly in 
the central nervous system of rabid animals; that subdural injection of 
small amounts of the brain or spinal cord of rabid animals into suscep- 
tible animals constantly produced rabies. He showed that, when the 
rabies virus from dogs is injected into rabbits, after a few passages the 
virulence of the virus for the rabbit is increased, until it kills in a 
short time. This virus no longer produces rabies in dogs, but renders 
them immune to a subsequent injection of virus from the dog. He 
applied this method to the immunization of persons bitten. by rabid 
animals; with the results we know to-day. 

The fourth period in the history of rabies began in 1903 with Negri’s 
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discovery of the small bodies in the ganglion cells in the central nervous 
system of rabid animals. The regularity with which these bodies are 
found in the brain of rabid animals makes it possible to make the diag- 
nosis in nine-tenths of the animals that die of rabies, without having 
to wait for the disease to develop in inoculated rabbits. 

Geographical Distribution.— Rabies occurs in all parts of the world, 
in cold as well as warm climates. It has not been observed in South 
and Central Africa, and it has not been reported from Siberia, though 
it is common in Russia. Australia is free from the disease, as a result 
of exclusion of the disease by rigid quarantine. As a result of rigid 
quarantine and muzzling of dogs, England was free from the disease 
for twenty years, but it has reappeared as a result of relaxation in the 
enforcement of regulations. The disease is fairly common throughout 
the United States. 
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Etiology.—l. Prepispostna Causres.—(1) Cold, Extremes of Tem- 
perature. —Exposure to extremes of temperature cannot cause infection 
with malaria, except that possibly such influences may increase the sus- 
ceptibility to infection of people who otherwise possess a considerable 
degree of immunity, if such a thing exists. People already infected (ma- 
laria carriers, who are sources of infection without themselves having 
attacks) frequently have attacks of chills and fever or other clinical 
forms of the disease following sudden chilling of the surface of the 
body, especially if they are very warm at the time. It has been fre- 
quently noted that laborers or other individuals in intensely malarious 
sections who are infected but present no symptoms at the time frequently 
begin to suffer from chills and fever as soon as the rainy season sets 
in, and often considerably in advance of the time necessary for a new 
crop of Anopheles to grow, become infected and transmit malaria. The 
author was told by Dr. Carter and Dr. James that in the Canal Zone, 
whenever the rainy season sets in, there is a great increase in the cases 
of malaria admitted to the hospitals, even in the first week or two. They 
attributed this to the fact that the laborers are drenched by showers 
while out at work. The sudden chilling of the body brings on the 
symptoms. The increase occurs in a much shorter time than is required 
for an increased crop of mosquitoes to result from the rainy season 
and for them to become infectious. 

(2) Climate -——A dry climate is opposed to malaria and a wet cli- 
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mate favors it. This fact is due to the influence upon the production 
of Anopheles. The longer the rainy season in any locality, the more 
favorable that locality is for Anopheles and, of course, for the trans- 
mission of malaria. Generally speaking, the nearer we approach the 
tropical climate, the greater the intensity of malaria. Though Anopheles 
can withstand a great deal of exposure to cold, even the larvee passing 
through quite severe winters, they are not active during cold seasons 
and therefore a cold climate is opposed to the transmission cf malaria. 
Generally speaking, the longer the cold season, the less malaria, and 
the longer the warm season, the more malaria. 

(3) Season.—The season of the year which is the most favorable for 
the transmission of malaria is the one also most favorable for the de- 
velopment of Anopheles, namely, the warm season. In the southern 
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United States the malaria transmission period is from about May Ist 
to November 1st. The most favorable period of transmission is the en- 
tire warm season. It is a fact that there is a greater tendency for in- 
fected persons to develop clinical symptoms during the spring and 
fall than during the summer months, probably due to the greater daily 
variations in temperature during these seasons. Tertian malaria is much 
more frequent during the spring and early part of the summer than 
estivo-autumnal, which is more frequent during the late summer and 
fall. Clinical attacks of malaria rapidly decrease upon the appearance 
of cold weather. Usually in the southern states, during the months of 
December, January and February, there is a great reduction. It is 
to be supposed that little or no transmission is taking place during this 
period and that the cases that do develop are relapses. Though there 
is a great reduction in the cases of the disease at this time, some cases 
occur even during the coldest season. Malaria mortality by months in 
the United States registration area is shown in Fig. 1 from Hoffman.? 

During the past several years the United States Public Health Service 
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has gathered information from the physicians of several different south- 
ern states as to the prevalence of malaria from month to month. These 
have been included in the Public Health Reports and also published 
as reprints.” 

A representative chart (Fig. 2) is reproduced here. It is noteworthy 
that the high point is reached in September in every state. 

(4) Altitude—The higher the altitude, the less likely is transmission 
of malaria to take place. In tropical countries, where the low-lying 
valleys are notoriously malarious, the high, mountainous country is 
usually more or less free from the disease. Not only is a high alti- 





Fic, 2.—RELATIVE PREVALENCE OF MALARIA IN ARKANSAS, BY MonTuHS, AS INDI- 
CATED BY THE NUMBER OF CASES REporRTED. (U. 8S. Public Health Report 
No. 451.) 


tude unfavorable for the transmission of malaria, but it also seems to 
favor recovery from the disease in individuals who are already infected. 
Perhaps this is the result of the general invigorating effect of the high 
altitude. Frequently individuals who are infected and have perhaps 
not shown any symptoms at all in a low, malarious country, promptly 
have attacks whenever they go to high altitudes. These attacks are, 
however, usually followed by more rapid recovery and more certain 
disinfection than takes place in the lower altitudes. 

(5) Soil—The more impervious the soil is to water, the more favor- 
able it is for the production of mosquitoes and therefore for the trans- 
mission of malaria. Porous, sandy soil is least favorable for the col- 
lection of water in pools, ponds, etc., and therefore least favorable for 
mosquito-breeding and the transmission of malaria. 

(6) Sex.—Malaria is slightly more prevalent among males than 
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among females. Our Bolivar County investigations, including 31,459 
persons, showed by blood examination 21.44 per cent. infection in males 
and 19.83 per cent. in females. 

(7) Age—Malaria has been generally thought to be more prevalent 
in children than in adults. A blood examination of 31,459 persons in 
our Bolivar County experiments showed this to be the case. The great- 
est prevalence is reached at the age of six. Fig. 3, taken from the 
report of this work made to the International Health Board, shows the 
percentage of infection found in the ages under twenty over a period of 
two years; and Fig. 4 shows graphically the percentage by age groups. 


NLL 
LUA 


123 4 5 6 7 8 


Age -l 9 10 11 12 13 14 15 16 17 18 19 20-4 Age 
Fiqa, 3.—Bioop INDEX By YEARS, To 20 YEARS; First EXAMINATION 31,459 PERSONS. 













20°. 20°, 


10°, 10°, 





The great importance of malaria to the youth of the country is shown 
more impressively by Fig. 5, in which the distribution by ages of the 
total amount of malaria found is shown. 

(8) Race.—Deaderick ® says: 

‘“Caucasians residing in non-malarial countries are; when exposed, 
most liable to contract malaria. Negroes bred in highly malarial re- 
gions are, as long as they remain upon their native soil, least susceptible 
to paludal infection. 

‘‘Immunity within the race increases generally as we go toward 
the equator. Thus the negroes of the Southern States display less 1m- 
munity than the negroes of the West Indies or of tropical Africa. Like- 
wise it may be said that immunity is much more marked in countries 
with a high than in those with a low endemic index. 

‘‘The immunity of the negro race has been variously estimated, 
some observers maintaining that they are absolutely proof against ma- 
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larial invasion, while others hold that they are as susceptible as the 
whites. The truth lies between these two extremes. Adult negroes 
reared in malarial regions are much less liable to paludism, as long as 
they remain indigenous, than are the whites. The negro race does not, 
however, enjoy an absolute but only a relative immunity from malaria.”’ 

A blood examination of 31,459 persons in Bolivar County showed 
that 16.99 per cent. of whites were infected as against 22.21 per cent. 
negroes. There was therefore 30.72 per cent. more malaria found in 
negroes than in whites. It is believed that this is the largest number 
of systematic blood examinations of white and colored individuals living 
in the same locality and under practically the same conditions in close 
association with each other that has ever been made. It is probable 
that these figures are more trustworthy and more certain to indicate the 
facts than is any other source of information at present available. <A 
blood examination was made of everybody living within an area of more 
than 300 square miles. 

(9) Heredity: Family Predisposition—Malaria parasites cannot pass 
from the mother to the fetus and there is therefore no inherited malaria. 
It is a fact that the maternal side of the placenta is frequently loaded 
with malaria parasites. A new-born child has no malaria parasites, but 
is of course susceptible to infection, and if it is born in a house where 
the mother and perhaps other members of the family suffer from malaria, 
the chances of early infection are great. It is not uncommon to see 
babies not more than two or three months old who have become infected 
with malaria under these circumstances. Sometimes there seems to be a 
very marked family predisposition to the disease. This, however, 1s 
only apparent. The cause of the apparent predisposition is the fact 
that the family are all exposed to infection. 

In this connection, the author wishes to emphasize, if possible, the 
very great importance of family transmission of malaria. If one mem- 
ber of a household is infected, there is a much greater chance of trans- 
mission from him to other members of the same household than to per- 
sons living in other houses. This is especially true in rural districts 
where residences are usually some distance apart. Anopheles mosquitoes 
have a habit of taking their blood-meals at the same house, or, at least, 
they show a tendency to do so. Of course, if houses are located close 
together, there would be less chance of an infected mosquito’s returning 
to the same house to get another blood-meal than would be the case if 
the sources of supply were farther apart. This fundamental fact, un- 
derlying the malaria problem and especially the problem of malaria 
control, can be taken into account to great advantage. 

(10) Personal Condition: Individual Susceptibility Experimental 
inoculation of people who have not. previously had attacks of malaria 
indicates that all or practically all persons are susceptible to infection, 
and certainly im almost all cases suitable infection results in clinical 
symptoms of malaria. We may therefore look upon all persons as being 
susceptible, although naturally a greater susceptibility may be found in 
one individual than in another. Isolated or repeated previous attacks, 
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especially during childhood, result in a degree of resistance sufficient 
to prevent clinical symptoms in a large per cent. of cases, although 
perhaps not sufficient to prevent infection. It seems also that the amount 
of infection introduced has something to do with whether or not an 
individual develops clinical symptoms. Therefore, although an indi- 
vidual might escape the disease if bitten by only one or two infected 
mosquitoes, he would be apt to develop it if bitten by hundreds of 
infected mosquitoes. As has been seen, certain influences, such, for 
instance, as sudden exposure, chilling of the body, overeating, indi- 
gestible food, etc., may precipitate attacks in susceptible individuals who 
otherwise might not have clinical attacks. It is reasonable to suppose 
that individuals who possess sufficient resistance or insusceptibility to 
prevent their becoming infected under ordinary circumstances might 
become infected if the inoculation took place at times when their normal 
resistance was greatly reduced. 

Not only is there individual variation in susceptibility to infection, 
but there is also great variation in susceptibility to the clinical effect 
of the disease. It frequently occurs that in a family or group of people 
who have been exposed to infection, one or more may have ordinary 
chills and fever, others may be malaria carriers without showing any 
recognized symptoms, and another one or two, perhaps infected from 
the same source, may develop pernicious malaria and die. For this 
reason, an individual infected with malaria, whether he is simply a 
malaria carrier without clinical symptoms or a mild case, may be the 
source of the worst form of malaria and death to his family and to 
those with whom he lives in close contact and to whom he is therefore 
likely to be a source of infection. 

(11) Social Conditions: Class Diseases.—(a) Cities versus Country. 
—Malaria is a rural and not an urban disease. Under conditions favor- 
able for the production of Anopheles it sometimes happens that they 
are present in cities of considerable size and may transmit malaria. 
In the built-up sections of cities there are usually few favorable breed- 
ing places for Anopheles. Cities in the tropics that are surrounded by 
jungles and ideal breeding and protecting ground are usually badly 
infected. Anopheles fly, under varying conditions, and muy transmit 
malaria as far as half a mile from their breeding ground and protecting 
forest or jungle; but the residences nearest to such places are in greatest 
danger. The smaller and more compact the city or town, the more 
likely are malaria-transmitting mosquitoes to feed upon the inhabitants 

and to infect them. 

In any malarious section, although there may be somewhat more 
malaria in the country, there are usually numerous cases among the 
inhabitants of the towns. Their frequent excursions into the country 
expose them to infection, and usually the poorly-kept town has many 
places favorable for the breeding of Anopheles. Although the towns 
are not as favorable for the growth of Anopheles as is the immediately 

surrounding territory, they are sufficiently favorable so that during a 
rainy spell or season, otherwise conducive to the growth of Anopheles, 
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numbers of this insect from the surrounding country overflow into 
the town and produce large numbers of progeny. Malaria is, however, 
a rural disease to such an extent that in the majority of instances if 
it were eliminated from the country it would naturally disappear en- 
tirely from the towns and cities. . 

(b) Exposure to Hardship and Cold.—Great hardship, violent ex- 
ertion and exhaustion predispose to the development of clinical symp- 
toms in already infected individuals. A surgical operation, for instance, 
or childbirth, is frequently followed by symptoms in those who have not 
exhibited symptoms for many months, although they may have been 
carrying the infection about all the time. This being the case, it is rea- 
sonably certain that certain conditions increase the susceptibility to 
infection as well. It is the author’s opinion that an even, cold tempera- 
ture reduces the susceptibility to malaria infection. It is also certain 
that infection is not likely to take place during cold weather. 

(c) Natives versus Newcomers and Immigrants.—Persons who have 
lived in a malarious section for a long time and have had repeated 
attacks of malaria, especially during childhood, are less susceptible to 
infection and to the development of clinical symptoms than are new- 
comers and immigrants, especially those who have not thus acquired 
more or less resistance to the disease, or those from a non-malarious 
locality. Persons from non-malarious countries, on coming to a malarious 
region, develop clinical malaria more frequently than the natives, and 
they also have a much more severe type of the disease. This is espe- 
cially true of adults. 

(d) Filth, Overcrowding, Bad Ventilation, Poor Lighting.—Filth has 
nothing to do with the production and development of malaria except 
that persons who are careless as to cleanliness are much less likely to 
protect themselves against malaria. 

Overcrowding would tend to increase the transmission of malaria 
in otherwise favorable localities. 

Bad ventilation has nothing to do with the development of malaria 
or with its transmission, except that close quarters offer favorable rest- 
ing and hiding places for Anopheles. 

Poorly lighted or dark residences offer more favorable resting places 
and hiding-places for Anopheles than do well-lighted quarters. In this 
way they favor the transmission of malaria. There is a rather general 
opinion in much of the heavily infected malaria section of the United 
States that sleeping in well-lighted houses or keeping bright lights burn- 
ing during the night tends to prevent malaria. There is possibly a 
certain amount of truth in this, for Anopheles do not venture into well- 
lighted houses and rooms as they do into dark ones. 

(e) Occupational Diseases——Occupation has no influence upon the 
occurrence of malaria except in so far as it may influence the exposure 
to infection or possibly to those hardships and other factors which tend 
to precipitate attacks in infected persons. It is true that individuals 
of the laboring class usually live in poorer houses and, especially, in 
houses which are poorly screened, if screened at all. This fact tends to 
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favor the transmission of malaria. Also, such individuals have not the 
same advantage of proper medical treatment, and therefore cannot over- 
come malaria infection to the same extent as those who can better afford 
proper medical attention. 

Ignorance tends to increase the prevalence of malaria in two ways. 
Any person who is at all well informed knows that malaria is trans- 
mitted by mosquitoes and that it may be prevented by proper screening. 
The more ignorant class of people, on the other hand, do not realize 
and appreciate this to the same degree, and in fact do not screen their 
homes to the same extent, nor as effectively as do the better informed. 
In the light of our present knowledge as to the effectiveness of quinin 
treatment for disinfecting individuals affected with malaria, it seems 
that intelligent, well-informed individuals hardly deserve any sympathy 
if they have malaria. A man who lives in an intensely malarious section 
and who does not protect himself and family by properly screening 
his home, provided he can possibly afford to do so, shows himself to 
be extremely ignorant or neglectful of his own health and of that of his 
family. 

(12) Toric Agents: Drugs, Dust, Fumes, Vapors, Gases, Acids, etc.— 
These play no part in malaria. 

(18) Diet: Disorders of Metabolism.—So far as any information at 
the author’s disposal is concerned, no particular diet especially predis- 
poses to malaria, although it would not be surprising to discover that 
diet does play an important part in the susceptibility to this and to 
many other diseases through its effect upon the natural or acquired 
processes of immunity. Overeating of indigestible food, such for in- 
stance as muscadines, watermelons, green fruit, etc., predisposes to the 
precipitation of attacks in individuals who are already infected, and in 
all probability also to increased susceptibility to infection in the event 
of inoculation. 

(14) Worry: Mental Shock.—Great worry or mental strain tends to 
precipitate attacks in individuals who are already infected. Perhaps 
it may also render infection more likely in the event of inoculation. 

(15) Overexertion: Strain—Great physical strain or overexertion 
tends to precipitate attacks of malaria in infected individuals. An ex- 
ertion approaching exhaustion is likely to precipitate attacks in malaria 
carriers who have perhaps escaped recognized clinical symptoms for 
many months. 

(16) Trauma.—lIt frequently happens that following trauma involv- 
ing considerable shock, malaria develops in persons who are already 
carrying the infection but have not active clinical symptoms. Surgical 
operations are frequently followed by the development of clinical symp- 
toms of malaria in persons who have been previously infected but who 
show no clinical symptoms at the time. Childbirth is also frequently 
followed by the development of clinical malaria in infected women. 

(17) Imperfect Sewerage and Contaminated Water Supplies.—It is 
not generally appreciated how great a factor imperfect water and 
sewerage systems are in the production of mosquitoes and thereby in 
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the transmission of malaria in small towns in malarial sections. This 
is especially true in those localities where artesian well water is used 
to any considerable extent. 

The town of Ruleville in Sunflower County, Mississippi, which the 
author investigated in 1918, is an illustration of the way in which an 
imperfect water system may be responsible for a great deal of mosquito 
breeding. In this little town, not more than about half a mile square, 
which has a population of a thousand, at the most, eighty-nine different 
mosquito-breeding pools or accumulations of water due to leaking water 
pipes or hydrants were found. The water is supplied by flowing ar- 
tesian wells and is inexpensive. There is no necessity to economize, 
and therefore a leaking water pipe or waste of water, unless the over- 
flow is sufficient to produce great inconvenience to some one, does not 
attract attention and is not corrected. For months and years leaking 
pipes are allowed to leak, and it does not require a large amount of 
water to saturate the soil and finally form a pool. These pools are fre- 
quently more or less overgrown with grass and other vegetation and 
furnish ideal breeding ground for Anopheles. In Ruleville it was pos- 
sible to prevent mosquito breeding almost entirely, simply by requiring 
that all leaking water pipes be repaired and that no waste water be 
allowed to accumulate and produce pools. There are hundreds of towns 
in the Mississippi Delta in almost the same condition. Most of the mos- 
quito breeding that is going on is due to defective water pipes and 
sometimes also to defective sewerage and drainage. The overflow from 
septic tanks is frequently not properly taken care of, and although not 
likely to be a source of Anopheles, it may be a great breeding-place for 
other mosquitoes. 

(18) Pregnancy.—There seems some difference of opinion as to 
whether pregnancy predisposes to attacks of malaria in otherwise in- 
fected individuals. Mannaberg* says, ‘‘Pregnancy constitutes no pro- 
tection against malarial infection, notwithstanding observations to the 
eontrary. In a gravid woman the infection often takes a severe form.’’ 
Abortions occur frequently and are due in all probability largely if not 
entirely to the localization of malaria parasites in the uterine vessels. 
These may be considered the exciting cause of the abortion. The danger 
of abortion is greater as the pregnancy advances. The fetus is usually 
dead in cases of abortion and frequently has been dead for several days. 

It 1s important to know that malaria is very likely to give rise to 
abortion if not treated, because of the fact that with most of the laity 
the idea prevails that quinin is likely to produce it. It should be known 
that it is the malaria which produces the abortion in most eases in which 
it occurs following the taking of quinin for malaria, and not the quinin 
itself. There is much greater danger of abortion resulting from malaria 
than from the taking of quinin. There is, therefore, no question as 
to the proper choice in cases in which malaria and pregnancy co-exist. 
It is even more important to give quinin in cases of malaria accom- 
panied by ‘pregnancy than in others, because if not controlled the 


malaria is very likely to cause abortion and loss of life. 
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TaBLE 1.—ReEcURRENT CASES OF Estrvo-AUTUMNAL MauariA PRoBaBLY Nort 
Dus To Re-1nFrecTion. (Craig) 


Case | Initial First Second Third Fourth - Fifth 
No. | Attack .j; Recurrence | Recurrence }| Recurrence | Recurrence | Recurrence 
1 | Oct. 12 10 days 30 days BG: CAVS” fs ciaidw copula eaeesaa es 
2 | Nov. 19 12 AVE. eves ee sce a tas 8 Ban cates ata lawenaaleae nena: 
3 | Feb. 27 15 days 20 days SOIGAYS. - lst tiee Ss iewlsba an coca 
41 Nov. 2 18 days 30 days SO CAVE: Seta wtiostadl evo what 
5 | Mar. 30 19 days QO GAYS. thon cee ahora el ec ree Sgse a ete a2 a Seas 
6 | Dec. 8 TOIGRYR= . higaiac wae a bed taser tage eatin te bare eh adem eas 
7 | Jan. 24 AO GAYS” hi cen buictees 65 Gan tGuaet we Alenads pare ad eR Wace ka 
8 | Feb. 12 20 days GORE: ctaxatncksie a) mieaoetewterl ae oae toners’ 
9 | Dec. 24 ZOGAVE: “Wiest tecdy cael ese nad Ged wal ne thadedaekhleeead ence 
10 | Feb. 6 20 days AU OGYE: Meas veastcad|s th eeade dice wl yGutaae nets 
11 | Feb. 6 20 days AB OAVS: lies tecng neue | Males einem lace ecn aha sani 
12 | Dec. 25 21 days BS GAVE. 186 ie Mreitiauel torguhs sutewne ots ese eich ace 
13 | Mar. 1 BLGAVE:. hes eden weue lan Mek wae ates. dbs Peel one eee ewes 
14 | Nov. 29 D2 OAVS, Vi hades sce uk aaled batharnas haan ed Beaaletae Seal eee ens 
15 | Nov. 14 PAO VE: Nace 2 races aa fe uate wes. tid.) wren ences Sean Scere Me aes 
16 | Feb. 4 24 days 20 days 38 days 30 dayS |..........0- 
17 | Oct. 30 24 days TG{GAYS: lacey C6 hook 4 oaane ney ok wales pesewewen 
18 | Aug. 29 24 days ORY ES Wasnt actin tll rena ean en we nan naan 
AD Marele) 24 Aaya iis oe canka lee conde paioadleokh tn amtnds beaewae esa: 
20 | Feb. 4 25 days 16 days DO CayS: | besss bese eect waeos eds 
21 | Dec. 30 26 days 36 days 30 days 90 days 30 days 
22 | Jan. 26 26 days 48 days SOGBVE hiv sesinnstinl oxeanade welvs 
23 | Jan. 11 26 days DR OAYS: Wenig ae tag al vats aon amarok ae tanen 
24 | Oct. 2 CVOAYS: Wigan. aettun'|omt eee aieg el Mula quad twae aide eee 
25 | Nov. 2 DEGAS. Tuite a einen Poaswits oelaisl seuees ) Cae eae ann aaneae 
26 | Mar. 2 27 days BAMANS, fl nistnesenta das sie Sih owas aut GA te hed 
27 | Feb. 5} 28 days 21 days 20 days D1 GAYS cena Haase 4 
28 | Dec. 12 28 days ZSUAYS: edo uiey bootie so hee socaele eek peak accent 
29 | Oct. 29 29 days 48 days LD CAYS” “lec apecceee gel Lous cools 
30 | Jan. 17 SO ARV Yi ate fa aeons oes | ona a deel aaa maaan 
31 | Jan. 1 30 days BO CRVS) ilies h ech cea mies tend tates esl wae one 
32 | Jan. 10 OOGRVR® Voit 4 cede 8aiael oc tite bed aoe ae Ree Ran awe 
33 | Jan. 20 SLGAYS: “Neos bc Geeen lane ies oot a tai coe ead eae eon eis 
34 | Oct. 19 33 days 26 days WYGSYS: \iLanctuuneeclieeaaecwee a 
35 | Jan. 19 34 days AQ-GBYR sid niiste aiding dl naiw eo eh ned penta ave weatos 
36 | Oct. 18 34 days BUGRYS: |eccdqttaenisl aonb evamen eral dues wane oe 
37 | Jan. 25 34 days 26 days V7 ORYS | ig dike do Ss lots fee t-niae 
38 | Oct. 21 36 days BOOBY. Vora casera ed lakak a ee bees eadawse sues 
39 | Feb. 30 | 36 days OPCA Ys Not suai poateiren! (toh rie the ea teetens ae gagid we tienes 
40 | Aug. 18 36 days SPORE, Yes occu ase ds.c cde ham eGalad ene eee bn 
41 | Nov. 27 SOGAYS: Makunedsaakels eyceoarseraler alata lee westeken as 
42 | Sept. 1 37 days AQOBVE:. Vocacicaenaaslnetaniee ude sl teeeted anus 
eo OC. AB) OR GRVE Wise 6 neil bent | Ponte daa hawk asuauane sul dee sasaee 
44 | Oct. 17 SO OAVSS «| |cupecccie a waey (ecincnee earn aaee leet aed ss ha eateate 
45 | Aug. 13 OS CAYE.  Vecusee Sane etl le Aas SO Al Semowe ew el anaee eae aes 
46 | Sept. 6 ALGAYS: fcc acsapo aaa eee inate Baek eed cee aloes Semone 
47 | Oct. 31 42 days POARVE: ers deter nied obs a Attere Oeids Oy nee wikien 
48 | Jan. 1 45 days BO GAYS? en A kahases Minas Mad alte eed eh ten Rk Ot aeae 
49 | Nov. 3 46 days PIOBYE. deez cc cae dea ad wane webs eeun me tebe 
50 | Dec. 7 AO UAYRY | casa hana leeite cane alae maaseate® cepa eink Me naeeaiee 
51 | Feb. 24 50 days 24 days BY GAYS" ‘show wiuedns sad cle akewtetaa be 
52 | Oct. 24 51 days SUAVE Vea bh pe uiasnaa Aletsch wean Cl ewes mawen 
53 | Jan. 18 61 days TSG CBYR! Wicd scene eds be tbe 24 trite ack el a hoses Sie earanees 
54 | June 14 64 days 66 days 14 days 20 days 20 days 


55 | Mar. 3 80 days 120 days OGGAVE esosaes cacy | eaters a sas 
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TABLE 2.—RECURRENT CASES OF TERTIAN MALARIA PROBABLY Not Due To 
R&-INFECTION. (Craig) 








Case | Initial First Second Third Fourth Fifth 
No. | Attack | Recurrence | Recurrence | Recurrence |Recurrence| Recurrence 
1 | Nov. 2 16 days PLGAVS. Vices eds betel hdl otras phen eueaes 
2 |) Aug. 4 18 days DO GRYS: Wii gna ee wae een aoe vtancuseawaes 
3 | Aug. 28 19 days 30 days 26 days 46 days |............ 
4 1 Nov. 6 20 days PASGAYE. «oped ince aande benin hoa wie Ol wie aatntieee eats 
5 | Jan. 17 20 days 32 days 30 days 24 days |.........00. 
6 | Nov. 23 21 days 20 days 26 GAYS: 24) cckss4a eedlt Sas dbase. 
7 | Oct. 6 21 days DOPORYS: Neat ite bale eee iek aii er eh es antes 
8 | Sept. 17 21 days 22 days QEOBYS: “eal eacipnsdind lesa meme Bones 
9 | Aug. 27 22 days SOGRYS: Wate nce ce a seulics sme ule eeewiews owes 
10 | Feb. 12 22 days 18 days 16 days 27 days |............ 


11 | Jan. 17 PEGAVS. Wecots Gates he bees a2 Gl aeGn ele ahem Cae eee mene aces 
12 | July 20 BOGAVS: . Vieni veel aan eeh saegm le tleReante cael e Skew wh owe 
13 | May 3 BOA V S.A Sccch tia sac ee isl cian 3 enranere.  Soa nshl one ied Bb Den eae aaa eee 
14 | Nov. 1 OOOAVS. Vode wetate ed atetes aed. bat Ae el sea ees Bee poate nedeeenres 
15 | Sept. 22 BS OGRVE:. Votwetacted cds 3 od es Ske boot t ee evel ee ew nee a 
16 | Sept. 1 BEGAVE: Al ehinles. Sabu ateete maaan ae exe ae nl ete aeeee eae 8 
17 | Dec. 13 BOGAVS? ics ada, et seaceaine aes eu Rew ole eae ae 
18 | Sept. 22 AV GAVE: heceo sett sida eam edd ded ed Uieaewns RENO td ea eewonds 


(19) Previous Attack.—Whether or not an attack of malaria will 
be followed by relapses or subsequent attacks will depend largely upon 
the treatment the patient undergoes. If thorough treatment is given, 
so that the patient is disinfected, an attack is not followed by subse- 
quent recurrences except in cases of re-infection. If, on the other hand, 
the treatment is not sufficient to disinfect the patient, there is great 
probability of a relapse. The frequency of malaria relapses 18 very 
much greater than it is generally supposed to be. Tables 1 and 2 are 
taken from Craig’s ‘‘The Malarial Fevers’’ and represent cases of 
malaria in which re-infection was considered at least very improbable 
and which are therefore reasonably certain to be relapses. Craig says 
that all of them received thorough quinin treatment during the active 
symptoms and that most of them received prophylactic quinin once a 
week. It is noteworthy that, in the case of tertian malaria, those who 
had their first recurrence after the twenty-sixth day never had subse- 
quent recurrences. It is possible, however, that the small number of the 
cases examined may cause this apparently striking difference. 

In the author’s investigation of malaria in Sunflower County during 
1918, conclusive evidence was obtained that at least 37 per cent. of 
the individuals who have attacks of malaria during a given year will 
also have attacks during the following year, independently of re- 
infection. 

James® says that in 1911 the Department of Sanitation of the 
Isthmian Canal Commission sent out to authorities on malaria in dif- 
ferent parts of the world a circular letter in which information was 
requested as to the amount of malaria due to relapse and to other 
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factors. Practically all the authorities referred to agreed in stating 
that a very large proportion of malaria, from 50 to 90 per cent., in 
malarious communities, 1s due to relapse. 

An analysis of the data in the Sunflower County studies of 1918 
shows that more than 50 per cent. of the attacks of malaria occurring 
during a given year in that locality are relapses. A fuller discussion 
of these observations will be found in the Osler Anniversary Volume.° 

(20) Chronic Alcoholism.—Chronic alcoholism tends to increase the 
probability of attacks in infected individuals. Alcoholism also tends 
to increase the probability of the occurrence of pernicious malaria. 

(21) Association with Other Diseases—Malaria may be associated 
with any other disease. There is no disease which prevents the occur- 
rence of malaria. On the other hand, a good many of them tend to 
increase the susceptibility to clinical attacks of malaria in infected 
persons. Anything that Jowers the general vitality of the individual in- 
creases his susceptibility to attacks of malaria. Debility, chronic dis- 
ease, cachexia and allied conditions, focal infections, etc., all increase 
the susceptibility to attacks of malaria, provided always the malaria 
parasites are present. 

2. Exciting Cause: THE Mauaria Parasite.—A. Morphology and 
Development.—The parasites, of malaria are organisms belonging to the 
division Protozoa, class Sporozoa, order Hemosporidia. There are three 
varieties: Plasmodium malarie (the quartan parasite), Plasmodium 
vivax (the tertian parasite), and Plasmodium falciparum (the estivo- 
autumnal parasite). There are at least two and probably more sub- 
divisions of the estivo-autumnal parasite. Whether these are truly dif- 
ferent parasites or whether they are simply widely differing strains of 
the same parasite cannot be stated definitely at the present time. A 
majority of students believe that there are at least two different para- 
sites—the quotidian estivo-autumnal and the tertian estivo-autumnal. 
They are similar, however, in most respects and for all ordinary pur- 
poses there is no great need for differentiation. 

(a) The Infe Cycle of Malaria Parasites in Man.—The life cycle of 
malaria parasites in man is of much importance and interest. Although 
there are at least three distinct parasites, they all live, grow and repro- 
duce in the body of man in very much the same way. We can there- 
fore conveniently describe this life cycle and then take up the separate 
descriptions of each one of the parasites: The youngest form, the mero- 
zoite, consists of a mass of protoplasm containing a nucleus which 
is quite rich in chromatin. The merozoite as set free by the segmenting 
schizont has one flattened side and one round or oval side. It is rather 
cup-shaped. The nucleus is situated more or less toward the periphery. 
Under favorable conditions the merozoite fastens to an erythrocyte, the 
flat side always against the erythrocyte. On account of the clear, non- 
staining vacuole which the parasite contains at this stage, it appears in 
stained specimens to be ring-shaped. It is frequently spoken of as a 
signet ring. 

As time progresses the parasite grows, becoming larger and larger 


oN 


(By 


i 


wry 


S 
*) 


3 





PLATE I. 


« 
ee 


ro 


cot 


+ al 
™ : 
% ¢/ 
ba . 
fe . 
“oF 
: * 
wong 
¢ 
a ¥.. * “ 
= » . # 
L 
ae 
Jf ta 
te: FF 
+ oi 
a “ft erg 
t ? ey ® 
a 
SCHILZONTS 
ro ne 
Ham. 
may y “Ss 


GAMETES 


QUARTAN MALARIA PLASMODIA 


(Plasmodium malari) 


permission of Drs. Bass and Johns, of New Orleans, and Rebman Company, 


of New York) 


ETIOLOGY | 565 
until in twelve or fifteen hours, in most cases, an examinetion of fresh 
preparations of blood shows one or more small, brownish, dancing pig- 
ment granules in the parasite. In the case of the tertian parasite and 
also of certain strains or divisions of the estivo-autumnal, the parasite 
is quite ameboid. The quartan parasite and others of the estivo-au- 
tumnal type are only slightly ameboid. In most ameboid specimens 
the parasite projects pseudopodia into or perhaps to the surface of the 
erythrocyte and presents the greatest multiplicity of figures. In living 
specimens, with suitable illumination, one may see the greatest activity 
of the protoplasm, not only in its movement through or on the erythro- 
cyte, but also in the mass itself, as evidenced by the dancing of the 
pigment granules. Apparently the substance of the erythrocyte is con- 
sumed as the parasite grows, and no doubt serves as part, at least, of the 
latter’s nutriment. The hemoglobin of the erythrocyte is broken up 
into globin and hematin and the latter goes to make the pigment granules. 

In from twelve to twenty-four hours the nucleus becomes poly- 
morphous and begins to divide. It was formerly thought that division 
of the nucleus did not take place until the full maturity of the parasite, 
but such is not the case, as anybody ean observe by following the de- 
velopment of the parasite in cultures. As the development advances the 
pigment increases in amount, and soon after the middle of the de- 
velopmental period is passed it begins to collect in a mass in some part 
of the parasite. Usually the tendency is for it to collect about the 
center, but often it is also found nearer the periphery. Formerly the 
pigment granules were rather widely scattered throughout the pro- 
toplasm of the parasite. Long before full maturity has been reached, 
especially in estivo-autumnal parasites, these pigment granules have all 
collected in a single compact mass, and they attract attention, in fresh 
specimens, to the presence of the parasite. 

Although the division of the nucleus is going on all the time after 
the middle of the developmental period, there does not seem to be any 
division of the protoplasm until toward the last of the period. The de- 
velopmental period varies from about thirty hours to seventy-two hours 
in artificial cultures. It probably varies in this same way in the tissues 
of man. When full maturity is reached the parasite occupies a large 
part of the remaining erythrocyte. Most of the erythrocyte has been 
consumed, leaving little more than a thin shell or capsule containing 
the fully developed parasite. Suitably prepared specimens at this stage 
show that not only has the nucleus divided into a variable number of 
small nuclei, but that the protoplasm has also divided so that now each 
small division of nucleus is accompanied by its own division of pro- 
toplasm. We have, in fact, a capsule containing a number of young 
malaria parasites, the result of segmentation of the original parasite. 
This division by segmentation without sexual influence is known as 
schizogony and parasites which divide and develop asexually in this 
way are known as schizonts. There is some difference in the use of 
the term, some authorities calling only the fully developed and seg- 
mented parasites schizonts, whereas others call them schizonts at any 
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stage of their development. The author’s impression is that all asexual 
parasites should be called schizonts. 

At about this time the capsule containing the fully developed and 
segmented parasite ruptures, setting free its contents, consisting of the 
young parasites, now merozoites, the pigment granules and other ma- 
terial contained within the capsule. Each merozoite is capable, if con- 
ditions are favorable, of attaching itself to another erythrocyte and 
passing through a similar cycle of development, giving rise in turn to 
another crop of merozoites which may continue the process. Fortu- 
nately, most of the young parasites produced are destroyed by the pro- 
tective agencies of the body. Generally they are phagocyted by the 
endothelial cells lining the capillaries in which the process takes place. 
The large mononuclear leukocytes phagocyte and destroy many of them. 
It is not certain what part the blood-plasma may play in their destruc- 
tion. In artificial eultures the young merozoites cannot withstand the 
action of blood-serum for any length of time. They are very promptly 
affected, so that they do not take the stain in the normal way and are 
apparently killed. We have never been able to grow merozoites that 
have been exposed to the action of serum in the culture. 

(b) Segmentation Taking Place Especially in the Capillaries.—The 
general impression is that malaria parasites live, grow, develop and 
reproduce in the blood stream. As a matter of fact, nothing of the 
sort occurs. It is true that young parasites are present in the blood 
stream at almost all times and also that ameboid parasites appear and 
reappear in the circulating blood in individuals suffering from malaria. 
In fact, a large part of the life cycle of the parasite is spent lodged 
in the capillaries of different organs and tissues, particularly in the 
bone marrow, spleen, etc. Estivo-autumnal parasites disappear from 
the peripheral circulation by the time they have reached one-fourth 
their full size and do not reappear at all, except inasmuch as the mero- 
zoites produced by segmentation may appear attached to other erythro- 
cytes as young parasites. As soon as those parasites which have little 
ameboid motility reach such a size that they cannot adapt themselves 
so as to pass through the narrow places in the capillaries, they lodge 
and remain there for the remainder of their developmental period, which, 
as just stated, is about three-fourths of the entire life period. It is 
very probable that the merozoites that do succeed in attaching themselves 
to erythrocytes do so before they are dislodged from the capillaries in 
which they were produced. 

The more ameboid parasites, as, for instance, the tertian, are capable 
of moving and changing their shape in such a way as to pass through 
the capillaries very much as leukocytes and erythrocytes do, and this 
is the explanation for the fact that parasites in all stages of develop- 
ment may be seen in the peripheral blood. It must never be thought 
that anything like all of the parasites in the body of an individual are 
present in the circulating blood. In reality, the large parasites that 


are seen are simply overflow, or parasites that have se-!4-- 
through the capillaries. Qreo--- - 
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of parasites present in an infected individual by noting the number 
of parasites in the circulating blood. 

(c) The Tendency of Malaria Parasites to Reproduce by Crops.— 
There is a tendency to reproduce by crops on the part of all species of 
malaria parasites. This tendene;, however, is very much more marked 
in the case of the tertian and quartan than in the estivo-autumnal type. 
In the tertian the cropping is almost always sufficiently definite to give 
rise to the characteristic intermittent fever. Usually if we examine a 
blood specimen from a case of tertian malaria we will be able to recog- 
nize that almost all of the parasites are of approximately the same size 
and age, or, in instances of two different sizes and ages, one approxi- 
mately twenty-four hours older than the other. As a result of this 
tendency to development by crops, almost all of the parasites in a given 
infection segment at about the same time of day. Those that have 
grown a little faster seem to slow down their growth as they approach 
maturity and those that are behind hasten and catch up. It is believed 
that almost all the parasites segment within a comparatively short 
time, perhaps only a few minutes. In cases in which there are suffi- 
cient parasites to give rise to clinical symptoms, there are countless 
millions of parasites present, each one of which sets free from the 
capsule within which it developed whatever toxic or harmful material it 
contains. There is a difference of opinion as to whether or not any 
toxin is produced, but there is certainly something that has a definite 
effect upon the system. Whether that something is in the nature of 
a toxic substance or whether it is the effect of a foreign protein, as 
suggested by Vaughan, or whether it is due to the effect of the pigment, 
as suggested by Brown, is not known. 

The first effect of the segmentation of a crop of parasites of sufficient 
number is to cause a general relaxation of the entire vascular system, 
resulting in the accumulation of the blood in the large vessels, and in 
the organs and tissues of the body where there is least pressure upon 
the blood-vessels. The result of this is that very little blood passes 
through the surface of the body and that therefore it is not kept warm 
and tends to assume the temperature of the surrounding air. The 
patient has a chill which lasts a variable length of time, depending 
upon the amount of toxin produced, the length of time required to elimi- 
nate or neutralize it and perhaps upon other factors which we do not 
at present understand. The symptoms and the manner in which they 
are produced are discussed at greater length in another chapter. 

The crop of merozoites produced at the time of segmentation in a 
given case will mature and segment again in forty-eight hours in the 
instance of tertian and estivo-autumnal and in seventy-two hours in 
the case of quartan. If two crops of parasites are present, there is seg- 
mentation on each day, giving rise to the quotidian chill and fever; 
but it must be fully understood that this represents two infections and 
two cases of malaria in the same individual. 

Asexual reproduction, such as has been described, may go on for 
several weeks, and if the resisting agencies of the individual are not 


568 MALARIA 


sufficient to prevent it, the patient is finally destroyed. In most in- 
stances the destruction results from the obstruction of the capillaries 
of vital organs and tissues of the body, producing what is rightly called 
pernicious malaria. In pernicious malaria the capillaries of vital organs, 
such as the brain, liver, kidneys and digestive system, are obstructed 
with so many parasites that there is not sufficient circulation to support 
the tissues and the functions of the organs. The preponderance of 
parasites obstructing the capillaries of one organ or another gives rise 
to the different clinical types of pernicious malaria. For instance, “‘cere- 
bral malaria’’ is due to the localization of large numbers of parasites 
in the capillaries of the brain. 

(d) The Development of Sexually Differentiated Parasites—If an 
individual has had clinical malaria for ten days or two weeks, we are 
able, on careful examination of the blood, to recognize not only these 
asexual parasites, which have just been described, and which grow, 
develop and segment, giving rise to the clinical symptoms of malaria, 
but also a few or sometimes many other parasites which are different 
from these schizonts and which are known to be sexually differentiated. 
Those who are familiar with them are able to recognize and differentiate 
the male and female parasites. As they develop, instead of their nucleus 
becoming polymorphous and finally dividing, it remains single. These 
sexually differentiated parasites are known as macrogametocytes and 
microgametocytes, both commonly called gametes. Tertian and quartan 
gametes are sufficiently ameboid to enable them to pass through the 
smaller capillaries and therefore to appear and reappear in the periph- 
eral circulation. The gametes of estivo-autumnal malaria are long, 
slender, and crescent-shaped, and show very little ameboid ability. 
Their size and shape permit them also to pass through the smaller capil- 
laries and to appear and reappear in the peripheral circulation. The 
gametes of tertian and quartan malaria are round or oval and possess 
considerable ameboid ability, which facilitates their passage through 
the capillaries. 

(e) Parthenogenesis.—There is considerable difference of opinion as 
to whether or not gametes are capable of reproduction in the body of 
man. It is certain that they do not reproduce sexually. There are, 
however, a good many students of malaria who believe that they do 
reproduce under special conditions by parthenogenesis. Craig has been 
an especially strong advocate of this view. By parthenogenesis is meant 
reproduction by female parasites somewhat like that which takes place 
in schizogony in asexual parasites, but without sexual influence. The 
author does not particularly favor the idea of parthenogenesis of ma- 
laria parasites: first, because parthenogenesis is not necessary to ex- 
plain recurrences, more improved methods of examination having dem- 
onstrated that there are usually a few asexual parasites present for long 
periods after clinical symptoms have ceased; second, because, in arti- 
ficial cultures in which only schizonts were present, pictures have been 
observed which resemble what has been considered to be parthenogenesis. 
The author does not feel prepared to state emphatically that partheno- 
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a comparatively small amount of protoplasm and a nucleus. These 
are known as sporozoites. This development requires a period of from 
about fifteen to twenty-five days in mosquitoes kept under artificial 
conditions. The temperature at which they are kept has a great deal to 
do with the rate of development. They develop very slowly at low tem- 
peratures and very much more rapidly at high temperatures. 

When the period of full development has been reached, the odcyst 
ruptures, setting free into the ccelom, or abdominal cavity, of the mos- 
quito a large number of sporozoites which are carried in some way, prob- 
ably by the circulatory system of the mosquito, to all parts of the insect. 
Some of them reach the salivary gland, which seems to be especially in- 
viting for them to collect in. In suitable preparations the sporozoites 
appear to be not only in the tubes of the glands but in the gland-cells 
themselves. Here they remain for quite a long time unless expelled 
by their host in drawing blood. It has not been definitely determined just 
how long they can live in the glands of the mosquito host, but it is quite 
certain that they may pass a dormant period, perhaps as long as the life 
of the mosquito itself. In the infected mosquito many cysts may de- 
velop, giving rise to a very heavy infection of the glands. On the other 
hand, the infection of the glands may be much lighter when only one or 
two or a few zygotes develop. 

(h) The Way in Which the Mosquitoes Inject Sporozoites.—The 
food of mosquitoes is not blood, as is generally supposed, but plant and 
fruit juices and vegetable material entirely. The male mosquitoes do 
not draw blood and the females do so only for purposes of reproduction. 
Whenever the female mosquito reaches the stage of development at which 
she should produce eggs, corresponding to puberty in higher animal life, 
there develops a desire or call for blood from which to grow eggs. Eggs 
will not develop in a mosquito fed only on the normal food. They will 
only develop after she has obtained animal protein. When this develop- 
ment has been reached and the desire or call is present, the mosquito starts 
in search of a blood-meal and will draw blood from almost any animal she 
finds, including man. If she draws blood from a man whose blood hap- 
pens to contain malaria gametes, she becomes infected. After she ob- 
tains a blood-meal, the ova rapidly develop and sooner or later the pe- 
riod is reached at which she should deposit the eggs in a locality favor- 
able to their development. She usually goes to the same breeding-ground 
where she herself grew and deposits the batch of eggs. 

Later there is another call for blood from which to develop another 
batch of eggs and she goes in search of blood again, usually in the same 
direction and to the same locality from which she obtained blood at first. 
If the period betWeen the first feeding and the next feeding has been 
sufficiently long for the parasites to develop and produce sporozoites and 
for them to reach the salivary glands, she is now capable of transferring 
the infection to the individual from whom she draws blood. 

The blood-collecting organ, or bill, of the mosquito consists practically 
of a hollow needle. This needle is stuck into the skin, but in order to draw 

blood it is necessary that it should enter a small blood-vessel. Normally 


ETIOLOGY O71 


the blood-vessels are so small that it is difficult to enter them. Nature 
has provided this and all other blood-sucking insects with a secretion of 
the salivary gland which causes dilatation of the blood-vessels, or hy- 
peremia. The mosquito first sticks her bill into the skin and then, by 
means of powerful muscles surrounding the salivary glands, forces 
some of the juice into the tissues. This causes dilatation of the vessels 
and usually the mosquito soon succeeds in entering a blood-vessel with 
her needle. Incidentally, if she has malaria sporozoites in her glands at 
the time, they are forced into the tissues and probably also into the blood- 
vessels, and the individual is infected. 

It may be interesting to note that once the bill is in the blood-vessel, 
the mosquito is able to draw blood not by sucking, as is generally sup- 
posed, but by swallowing it as it is carried into the esophagus by 
capillary force. 

Sporozoites introduced into the blood or into the tissues are capable 
of attaching themselves to erythrocytes. Perhaps they penetrate them 
promptly, but at any rate, they soon assume a round or oval shape, re- 
sembling merozoites produced by schizogony. They now develop in the 
same manner in which asexual parasites do—segment, and give rise to 
merozoites which continue the process of schizogony. In this manner 
and in this manner only are malaria parasites carried from one individu- 
alto another. The process just described applies to all species of malaria 
parasites. | 

(1) Special Considerations.—After having described the malaria 
parasites in general, it will now be advantageous to take up special con- 
siderations of the different species. 

(1) The Tertian Parasite—The merozoites of tertian parasites are 
about two microns in diameter. They cause rapid swelling of the host 
cell so that sometimes by the time the parasite is twenty-four hours old 
the cell is twice the diameter of normal cells. Not only does the cell 
enlarge but it becomes quite pale, apparently out of proportion to the 
enlargement. The paleness cannot be explained entirely by swelling. 
Specimens stained with any of the modifications of the Romanowsky 
stain show the presence of Schiiffner’s granules throughout the cell. 
These granules are not found in cells infected with any other malaria 
parasite. The parasite remains ring-shaped only a very short time, so 
that in practical examinations of ordinary blood preparations one seldom 
sees many rings. Ameboid activity begins early and is very marked. 
As soon as pigment is formed examination of suitable fresh blood prepara- 
tions shows that it is very actively motile. It is also strikingly fine com- 
pared with the pigment produced in either quartan or estivo-autumnal 
parasites. The full-grown parasite is as large as, and sometimes larger 
than, the normal erythrocyte. All stages of the development of the 
parasite may be seen in the peripheral circulation, but there are only 
a few rosettes and parasites present as compared with the total number 
present in the organs and tissues in which the development is going on 
most extensively. The gametes are round or oval and their pigment is 
generally distributed throughout the protoplasm of the parasite. 
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(2) The Quartan Parasite—The merozoites of quartan parasites are 
perhaps slightly smaller than those of the tertian type and they remain 
ring-shaped considerably longer. Usually a good many of them develop 
in from. twenty-four to thirty-six hours in the form of bands across the 
erythrocyte, instead of showing the usual irregular shapes. In fact, 
the quartan never displays anything like the great irregularity of shape 
that is shown by the tertian. As the parasite develops the erythrocyte 
shrinks and its color intensifies. Pigment appears in from twenty-four 
to thirty hours and is coarser than in the tertian. It is also very much 
less active than in the tertian. The parasite matures in seventy-two 
hours and divides into not more than eight segments. All stages of the 
parasite appear in the peripheral circulation, but they become less 
numerous as they grow older. However, rosettes are frequently found 
in the peripheral blood. The gametes are round or oval and usually not 
numerous. 

(83) The Estivo-autumnal Parasite —The youngest merozoites in most 
cases of estivo-autumnal parasites are very much smaller than those of 
tertian or quartan. They consist of a chromatin granule and a very 
small ring. Sometimes there are two chromatin granules. These rings 
are frequently so small they are overlooked, especially by those who are 
not well trained and have not good staining technic. Only these small 
ring forms and perhaps gametes are seen in the peripheral circulation. 
These parasites, as they grow in artificial cultures, never reach more than 
about half the diameter of erythrocytes. In artificial cultures they 
reach full maturity in from thirty-six to forty-eight hours, and they pro- 
duce apparently only about sixteen segments. These parasites have ex- 
tremely little ameboid activity, which is believed to explain their dis- 
appearance from the circulation while they are small. Preparations 
made from half-grown or older parasites in artificial cultures, by placing 
a drop of the material containing them on a slide, covering it with a 
cover glass and then examining it under the microscope while pressing 
upon the cover glass, show that they are more resistant and unyielding 
to pressure than any of the other parasites. One gains the impression 
that they would not yield and mold their shape in order to pass through 
narrow places in the capillaries. The gametes are crescent-shaped and 
are to be found in the peripheral circulation. 

In other specimens of estivo-autumnal parasites the merozoites are as 
large as those of tertian, and frequently the ring of protoplasm is con- 
siderably thicker and heavier. The definite signet ring is not present to 
the same extent as it is in the first form of the estivo-autumnal type. 
A tendency to ameboid changes is shown, but usually the parasites dis- 
appear from the circulation before this is very marked. They spend 
from eight to twelve hours of their forty-eight hour life period in the 
peripheral! circulation, and the balance of the time they are lodged in the 
capillaries of different organs and tissues. In artificial cultures para- 
sites do not show a great deal of ameboid change, and they finally develop 
to almost the diameter of the host cell. They often produce twenty-four 
or more merozoites in artificial cultures. This is the form which is ren- 
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erally called malignant tertian, the other one just described being com- 
monly called quotidian. In artificial cultures the pigment is coarse and 
soon collects in a mass in some part of the parasite. The gametes are 
crescent-shaped and usually show very little of the remaining erythrocyte 
from which they developed. 

The differentiation of the different varieties of malaria parasites 
will be aided by reference to the colored plates (Plates I, II and III) 
and to Table 3, taken from Bass and Johns’ Laboratory Diagnosis: 


TABLE 3.—DIFFERENTIATION OF MALARIA PARASITES 


Estivo-autumnal Tertian Quartan 
Schizonts in the pe- | Rings only. All sizes. All sizes. 
ripheral blood. 
Shape of gametocytes. race and Round or oval. Round or oval. 
oval. 


Shape of outline of | Rings. May have | Irregular after ring | Regular after ring 
schizonts in periph- two chromatin stage is passed. shape is passed. 
eral blood. granules. 


Influence upon color of | Not changed. Faded, pale. Darker. Normal 

erythrocyte. red color inten- 
sified. 

Influence upon size of | Not changed. Enlarged. Reduced. 
erythrocyte. ; 

Pigment in schizonts | Medium to coarse. | Very fine. Coarse. 
and gametocytes. 

Schiiffner’s granules.* Often present. Not present. 

Number of segments in 32. 8. 
rosette. 

Period of asexual de- 48 hours. 72 hours. 
velopment. 


*Red-staining granules in the erythrocyte containing the parasite. 


B. The Distribution of Malaria Parasites in the Body.—lIt is gen- 
erally supposed that malaria parasites are distributed in the circulating 
blood. It is true that there are some parasites present in the blood of 
almost all individuals who are infected but, as a matter of fact, these are 
either overflow parasites or those which have escaped from the capillaries 
temporarily as a result of ameboid activity or because of their small 
size or special form, as, for instance, in the case of the estivo-autumnal 
gamete. Probably the bone-marrow contains more malaria parasites than 
any other part of the body, in ordinary cases; the spleen comes next, the 
liver perhaps next and then come such organs as the brain, gastro- 
intestinal canal, hematopoietic glands, etc. In pernicious malaria the 
number of parasites present in vital organs and tissues is frequently 
enormous. In many such cases even the capillaries of the skin con- 
tain large numbers. The pigment held in the capillaries of the skin 1s 
sometimes sufficient to give a pigmented or brownish yellow appear- 
ance. 

C. The Cultivation of Malaria Plasmodia.—The first successful cul- 
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tivation of malaria plasmodia in vitro was announced by Bass’ in 1911. 
The technic was not given and, as a matter of fact, only partial success 
had been attained. In 1912 Bass and Johns ® published the technic, and 
in September, 1912, exhibited cultures of plasmodia at the International 
Congress of Hygiene and Demography in Washington. These were 
observed by hundreds of scientists from different parts of the world and 
recognized by all familiar with malaria plasmodia to be genuine and to 
represent every stage of reproduction of the parasite by schizogony. 
A still more complete description of the technic, in which every detail 
was covered, was published by Bass ® in 1914. 


16 





Fic. 6.—APpParatus UsEp IN CULTIVATION OF MALARIA Parasites. (Bass, American 
Journal of Tropical Diseases.) 


Since the author’s first publication of the technic, malaria plasmodia 
have been cultivated by different workers in almost every civilized 
country. They have been grown only in human blood. Success depends 
upon the presence of a suitable quantity of dextrose in the culture. So 
far as the author is informed, no successful cultivation has been ac- 
complished without the use of the dextrose. 

The following is the original technic, taken from the American Jour- 
nal of Tropical Diseases and Preventive Medicine (1914, i, No. 8, 546). 


‘‘Apparatus and Materials Required—One generation of parasites 
may be grown with very simple technic, but they are destroyed soon after 
segmentation, and often just before, by the leukocytes in the blood from 
the patient. The apparatus needed for the cultivation of one generation 
only of parasites are the following: 

‘1. Syringe and needle. An all-glass syringe, capacity 20 c.c. (or 
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10 c.c.), graduated, is convenient for this purpose. Syringes with rub- 
ber, leather or cotton plungers, washers, connections, etc., are not ser- 
viceable because they cannot be easily cleaned after being used, and 
when they are sterilized they give off substances which are harmful to 
malarial plasmodia. A coarse needle is necessary because strong force 
or strong suction so alters the cells (or parasites) that the parasites die 
in @ short time. Such a needle is also desirable to avoid leaking and 
bubbling of air into the syringe and to facilitate taking blood into it and 
expelling it from the syringe. 

‘‘2. Defibrinating tube. Tubes 214 em. in diameter and of whatever 
length will be accommodated by the centrifuge (if a centrifuge is to be 
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Fig. 7.—DIFFERENT ForMs or MALERIA CuLTURES. (Bass, American Journal of 
Tropical Diseases.) 


used) are appropriate. This tube is plugged with a cotton plug having 
a plain glass rod (0.5 em. diameter) running through it and extending 
to the bottom. A glass tube may be substituted for the glass rod, in 
which case the outer end is connected to a needle by means of a short 
rubber tube (Fig. 1, 3). More recently this rubber connection has been 
dispensed with and the needle (barrel without any shoulder) 1s welded 
into the tubing. Platino-iridium needles are necessary for this purpose. 
Blood is collected directly into the defibrinating tube by sticking the 
needle into a distended vein. 

‘8. Culture tubes not less than 1.25 em. in diameter by 12.5 cm. 
deep. 

‘‘4. Graduated pipet, 1 ¢c.c. graduated in hundredths. 

**5. Dextrose (Merck’s) 50 per cent. solution in water. This should 
be sterilized at 100° C. on three consecutive days. 

“‘6. Capillary pipets. Glass tubing 0.5 to 0.6 em. in diameter is 
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the proper size from which to make these pipets. The capillary should 
be rather coarse since fine capillaries are destructive to malarial plas- 
modia. The large end of these pipets should be plugged with cotton 
before sterilizing. 

‘‘7, Rubber bulb. This should be of the best quality and fit the 
pipets well. The delicate uses to which the pipets are placed require 
perfectly fitting bulbs. 

‘*8. Incubator regulated to a temperature of 40° C. It is possible to 
use an incubator running as low as 38° C., and in fact, often the para- 
sites grow fairly well at 37° C. 

‘*The following apparatus will be required if more than one genera- 
tion of parasites is to be grown, or if it is desired to avoid the dead para- 
sites which are present in the deeper layers of cultures containing a 
thick column of cells. 

‘*9. Centrifuge, speed 800 to 2000 r. p.m. Higher speed centrifuges 
are likely to be destructive to the parasites or at least to cause such 
changes in the cells as to disfavor their growth. 

‘10. Culture tubes 1.25 em. by 12.5 em., with flat bottom or with ~ 
disk of pure white filter paper supported 1.25 ecm. or more from the 
bottom of the tube by a piece of glass tubing. The latter should be cut 
straight across and should fit the culture tube fairly closely. 

‘‘11. Plain pipets, capacity 5 to 20 ec. These pipets should be 
plugged with cotton before sterilizing and the small end (large capillary ) 
should remain hermetically sealed until it is to be used. They are not 
used a second time. 

‘12. Rubber tube 50 em. long, mouth piece and pinch cock. This 
tube should be of proper size to fit the neck of the large pipets just 
described. 

‘“The syringes, tubes and pipets must be sterilized in the dry sterilizer. 
A few drops of water in a tube in which blood containing plas- 
modia is placed will usually cause the death of the parasites. The 
dry sterilization must not be carried to the extent of scorching the cotton 
plugs, for the smoke that condenses on the inner surfaces of the tubes 
is sufficient to kill all the parasites in a culture. 

“Technic for Cultwating One Generation Only of Parasites —Blood 
is collected from the patient’s vein at the bend of the elbow. If drawn 
with the syringe it is expelled directly into the defibrinating tube. The 
latter should be tilted to one side and care should be taken to avoid 
unnecessary exposure of the blood to the air. In either case, 1/10 c.c. of 
the 50 per cent. solution of dextrose for each 10 cubic centimeters of blood 
to be taken is placed in the defibrinating tube before the blood is drawn. 
Defibrination is effected by gently stirring or whipping with the rod or 
tube which extends through the cotton plug. The whipping in of air, 
causing bubbles, must be avoided. The plug and rod may now be re- 
placed by a plug from another tube of the same size. 

‘This defibrinated dextrose blood containing malarial plasmodia 
may be transferred to other tubes or incubated in the original tube. In 
any event the column of blood must be 2.5 to 5 cm. deep. This gives a 
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column of serum 1.25 to 2.5 em. deep above the cells and parasites when 
the latter have settled. Supernatant serum more than 2.5 em. deep has 
no advantage. When this is less than 1.25 em. deep the parasites often 
die before segmentation occurs. We have occasionally seen perfect 
segmentation, however, under 0.6 em. of serum. 

‘The parasites live and develop at the top of the column of precipi- 
tated cells in a layer varying in thickness from 0.05 to 0.1 em. All para- 
sites beneath this layer die in from two to twenty hours; the time de- 
pends upon factors which have not been determined. Some grow con- 
siderably before they die and we have occasionally seen small ring forms 
attain over half the full adult size in the deep part of the cell mass. 
When parasites die in these deep cells the central clear space in the small 
ring closes, or if the parasite is older the irregular projections, pseudo- 
podia, are withdrawn. If pigment is present it loses its motility. The 
protoplasm gradually shrinks, losing its staining reaction, and finally 
only the nuclear chromatin granule remains. This also stains poorly. In 
the instance of very small parasites often the red blood-cell shows little 
or no evidence of the previous presence of the parasite. This suggests 
the possibility that the young parasite had not yet entered the cell sub- 
stance. 

‘*The parasites in the thin layer at the top of the column of cells 
develop and may be examined at any time by drawing a small quantity 
of cells from this layer by means of a capillary pipette. Some con- 
siderable practice is required in order to do this without drawing cells 
and dead parasites from just beneath this layer. The pipet may be 
passed through a flame to sterilize it on the outside, but it must be 
allowed to cool thoroughly before it is used, since, in our experience, 
a temperature of 45° to 50° C. kills the parasites in a very short time. 

‘‘Such a temperature also alters the red blood-cells in some way so 
that they are rendered permeable to the surrounding serum, and this 
effect is destructive to the parasites. Great care must be taken in 
handling tubes containing cultures to keep them in an upright position. 
Tilting to the side results in burying and killing the living parasites 
in the thin layer at the top of the column of cells. With sufficient care 
a sample may be removed from the culture and the tube be returned 
to the incubator without killing the parasites. This may sometimes be 
repeated several times. 

“Technic for Cultivating More Than One Generation of Parasites. 
—If more than one generation of plasmodia is to be cultivated, it is 
necessary to remove the leukocytes at the time the culture is made in 
order to avoid destruction of the parasites by them at the time of seg- 
mentation. The infected blood from the patient is centrifugalized 
sufficiently to force the leukocytes to the surface of the cells. The length 
of time necessary to centrifugalize varies with the speed, length of arm, 
etc., of the particular centrifuge used and should be determined by 
experiment. Unnecessary centrifugalization should be avoided. 

‘‘The supernatant serum is drawn off and put in culture tubes. The 


column of serum in each should be 1.25 to 2.5 em. deep. Cells and 
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plasmodia are carefully drawn from about the middle of the centri- 
fugalized cells and planted at the bottom of the serum in the culture 
tubes. Flat-bottom tubes are an advantage. 1/10 to 2/10 cc. of cells 
in a half-inch tube make the thickest layer in which it is possible to get 
a homogeneous growth of parasites. 

‘‘We have been able to secure growth of all the parasites in about 
twice this quantity of cells in a 1.25 em. tube by employing tubes with 
a paper shelf suspended in them. They are filled with serum to at least 
1.25 em. above the level of the support for the paper disk. The disk 
is then carefully tucked in place, after which the cells are placed on 
it. 

‘‘We have obtained even more satisfactory results with tubes filled 
1.25 em. deep, or more, with freshly prepared human plasma. These 
are conveniently prepared by placing 1.25 to 2.5 em. of blood, imme- 
diately after it is drawn, in culture tubes and centrifugalizing to throw 
the cells to the bottom before coagulation takes place. By continuing 
centrifugalization until after coagulation occurs, a fiatter surface is 
secured for the plasma than if it is discontinued before this time. In 
such plasma bottom tubes 1.25 em. of fresh dextrose serum is placed 
and then cells and parasites from the centrifugalized and defibrinated 
dextrose blood are carefully distributed over the surface of the plasma. 
We have sometimes obtained in these tubes a layer of live parasites ap- 
proximately 0.25 em. thick. 

‘*Parasites in such leukocyte-free cultures develop, segment, and most 
of the merozoites enter new red blood-cells. These young parasites de- 
velop in the same manner as the first generation and sometimes reach 
the stage of segmentation. In fact, we have in one instance observed 
the development of three successive generations in such a culture. More 
often, however, the parasites begin to die out after the first sezmenta- 
tion and especially after the second. We have not been able to deter- 
mine exactly the cause of this. In order to perpetuate the culture it is 
necessary to transfer a portion of the cells and parasites to a recently 
prepared tube containing fresh cells and serum. It is convenient to 
place the fresh serum in the culture tube and to take up in a large 
capillary pipet a portion of the cells and parasites of the culture and 
then about five times the amount of fresh cells. These are mixed in the 
pipet (avoid air) and then carefully spread on the surface of the 
plasma, paper shelf, or bottom of the tube, according to the particular 
kind of culture tube used. The transplantation should be done within 
four or five hours of the time of maximum segmentation and therefore 
approximately every forty-eight hours for tertian and estivo-autumnal 
parasites. 

‘It often occurs that with each successive transplant fewer parasites 
survive than in the previous one, and finally the culture is lost. In fact, 
there is little or no increase in the number of parasites in the body of 
man in most instances. Actually not more than one merozoite out of 
every fifteen to thirty survives. With the most exact technic we have se- 
cured a fifth generation containing many more parasites than the first, 
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and there is good reason to believe that with sufficiently exact manipula- 
tions it will be possible to continue the cultures indefinitely.’’ 


The only essential change which has been made in the requirements 
given above are that further experience has shown that the plasmodia 
grow as well at 37° C. as at higher temperatures, except that possibly 
they grow a little more rapidly at higher temperatures, and that it is 
not necessary to remove the leukocytes by centrifugalization, in order 
to grow more than one generation. 

D. The Distribution of Malaria Parasites Outside of the Body.— 
There is only one place in the world in which malaria parasites live 
in nature outside of the body of man and that is in certain favorable 
species of mosquitoes. 

EK. Modes of Conveyance—Many investigators have succeeded in 
transmitting malaria by taking the blood from an individual who has 
malaria and injecting it into another individual. Successful inocula- 
tions have been made both by the intravenous and the subcutaneous 
routes. 

Hereditary transmission does not take place. There have been a few 
instances in which malaria has been reported in very young babies, 
but in few if any of them could the question of postnatal infection 
be ruled out. The majority of observers at the present time agree that 
prenatal infection does not take place. When we recall the structure 
and arrangement of the barriers that it would be necessary for the 
parasites to pass, it does not seem at all reasonable that infection could 
take place in this way. 

(a) Malaria larriers as a Source of Infection.—The term ‘‘malaria 
carrier’’ is usually applied to persons who have malaria parasites in 
their blood but who do not show active clinical symptoms. Of course 
@ person with clinical symptoms is also a carrier of malaria and likely 
to be a source of infection. Persons who have latent malaria and who 
perhaps have never shown any recognized symptoms may also be sources 
of infection. 

The importance of malaria carriers in the transmission of malaria 
and in its control has not been, as a rule, fully appreciated. It is sur- 
prising, in a locality where malaria prevails to any considerable extent, 
to note how many people who have not had recognized clinical symptoms 
of malaria will be found upon blood examination to have malaria para- 
sites. In our Bolivar County experience, which is perhaps the most 
extensive investigation along this line that has ever been made, out of 
18,782 persons who claimed not to have had attacks of malaria or evi- 
dences of attacks during the previous twelve months, 15.93 per cent. 
were found, upon the first examination made of their blood, to have 
malaria parasites. Out of the total 31,459 persons in an area of 325 
square miles in Bolivar County whose blood was examined, 21.18 per 
cent. were found, upon first examination, to have malaria parasites. Not 
more than 10 per cent. of these were actually sick of malaria at the 
time. It is found, therefore, that in this locality, which is believed to be 
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representative of the malaria section of the Mississippi Delta, 21.18 per 
cent. of the entire population are potential malaria carriers. In fact, 
it is very certain that repeated examinations would have revealed con- 
siderably more infected persons and would have considerably raised 
the percentage of the population found to be malaria carriers. 

Not all carriers have gametes in their blood at all times, and there- 
fore not all are sources of infection to mosquitoes at any given time. 
They are, however, potential sources of infection and must be con- 
sidered as such. If a man has one malaria parasite in his blood he may 
later have gametes in sufficient numbers to infect mosquitoes. 

Improper treatment is largely responsible for the large number of 
carriers to be found in any malarious locality. Small doses of quinin 
not only do not disinfect the infected individual but they tend to in- 
crease the production of gametes. The use of chill tonics and drugs 
containing small quantities of quinin is very extensive in malarious 
regions. These seldom disinfect those who take them, but transform 
them from persons sick of malaria to unrecognized malaria carriers, 
and in all probability actually increase the amount of transmission of 
malaria which takes place. 

The importance of disinfecting malaria carriers and thereby reducing 
_transmission is the basis of one method of malaria control. There is a 
difference of opinion as to the probable value of this method, but in 
the author’s judgment it is by far the most promising method at the 
present time. It is true that it should always be combined with such 
mosquito control as is practical, but up to the present time extensive 
malaria control by control of mosquitoes has not been accomplished 
except at a cost which would prohibit its application in extensive 
areas. 

(b) The Dissemination of Malaria by Mosquitoes.—Malaria is carried 
from one individual to another by mosquitoes and in this way only. If 
there were no mosquitoes there would be no transmission of malaria. 
Not all species of mosquitoes are capable of serving as hosts for malaria 
parasites. <All of the malaria transmitters so far identified belong to 
the sub-family Anopheline. Deaderick and Thompson” give the fol- 
lowing list of Anopheline which have been determined with more or 
less certainty to be malaria carriers: 


Anopheles annulipes. Anopheles tarsimaculata. 
Anopheles bifurcatus. Anopheles vincenti. 
Anopheles cohesa. Cellia albimanus. 
Anopheles crucians. Cellia argyrotarsus. 
Anopheles farautt. Cella pharoensis. 
Anopheles formosensis. Cycloleppteron grabhamu. 
Anopheles maculipenms. Myzomyia christopherst. 
Anopheles martina. Myzomyia culicifacies. 
Anopheles pseudopunctipennis. Myzomyia funesta. 
Anopheles pursati. Myzomyta hispaniola. 


Anopheles quadrimaculatus, _ Myzomyia ludlowi. 
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Myzomyia luten. Nyssorhynchus annulipes. 
Myzomyia picta. Nyssorhynchus jamesiv. 
Myzomyia rosii. Nyssorhynchus maculatus. 
Myzomyia turkhudi, Nyssorhynchus maculipalpis. 
Myzorhynchus barbirostris. Nyssorhynchus stephensi. 
Myzorhynchus coustani. Nyssorhynchus theobaldi. 
Myzorhynchus fuliginosus. Nyssorhynchus willmori. 
Myzorhynchus paludis. Pyretophorus chaudoyet. 
Myzorhynchus sinensis. Pyretophorus costalis. 
Myzorhynchus umbrosus. Pyretophorus jeyporensis. 
Myzorhynchus ziemann. Pyretophorus superpictus. 


Of the mosquitoes that may serve as hosts for malaria parasites, not all 
are equally efficient. Not only is this true, but the habits of some of 
those that are easily infected under experimental conditions are such 
that they are not likely to be a considerable source of transmission. Some 
of the wilder species, although perhaps more easily infected, are not as 
likely to be a means of transmission as other species not so easily in- 
fected but more domestic and more likely to feed upon human beings. 

(1) Breeding-places—Different species of Anopheles have quite dif- 
ferent breeding habits, but most of them require fairly clean water. 
They also require more or less protection by vegetation, such as grass, 
weeds, brush and trees. Deaderick and Thompson say: 

‘Ground water appearing at the surface is especially suitable. Pools 
of at least some degree of permanence are preferable to those which might 
dry before the aquatic stage of the insect is completed. Natural ac- 
cumulations of water more often contain Anopheles larve than do artifi- 
cial collections. Pools, ponds, swamps, inlets of lakes, and of small, 
slowly flowing streams, ditches along roadsides, canals, borrow pits along 
railroads and levees, and rice fields are common breeding-places. Water 
contained in the tracks of animals may harbor larve. 

‘‘When water is scarce, as during the dry season, anopheline larve 
may be found in tubs, barrels, buckets, bottles, cisterns, mollusc and 
cocoanut shells, in water retained by the leaves and stalks of tropic 
plants, or even within vases in dwellings, although these locations are to 
be regarded as places of necessity and not of choice.”’ 

The eggs of Anopheles are deposited singly on the surface of the water 
or at the edge of some floating trash or débris. They vary in the length 
of time required to hatch, depending upon the temperature and per- 
haps upon other influences, but they may hatch in from two to four days 
under favorable conditions. 

(2) Identification of Anopheles Larve.—It is not considered within 
the scope of this section to enter extensively into the description and 
identification of Anopheles in their different stages. It will be suffi- 
cient to say that Anopheles larvee may be recognized for all practical 
purposes by their resting position in water. They remain parallel to 
the surface of the water, whereas the larve of all other species of mos- 
quitoes rest at a considerable angle to the surface of the water. The 
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Fig. 8.—ReEstina Positions or LARvazA. 
a, Culex; b, Anopheles. 


larval stage lasts from twelve to fourteen days under favorable climatic 
conditions. In colder climates and during the cold season the larval 
stage may last many weeks. It has been demonstrated by Griffitts and 
others that Anopheles can pass the winter in the larval stage.’ This, 
no doubt, is an important source of the first mosquitoes following the 
eold season. Whether many adults pass the winter is open to question. 
It is quite certain that a very small proportion of those alive at the 
beginning of the winter survive. 

The duration of the pupal stage may be from about two to four 
days under favorable conditions. The pup# are also quite resistant to 
cold. From the pupa the full-grown imago emerges and after remaining 
for a very short time flies away. 

(3) Identification of Adult Anopheles—F¥or all practical purposes 
Anopheles may be differentiated from all other species of mosquitoes by 
their position when resting on a wall. The proboscis, head, thorax and 
abdomen are in the same line and form quite an angle with the surface 
upon which the insect rests. In some species almost a right angle is 
formed. This is in contrast to all other species. The chief malaria car- 
riers of the United States are Anopheles quadrimaculatus, Anopheles 
maculipennis and Anopheles crucians. King ™* has shown that Anopheles 
punctipenms is also a host of malaria parasites. 

(4) Flight Habits of Anopheles—LePrince has probably made the 
most extensive investigations of the flight habits of the malaria-bearing 
mosquitoes. Experiments were conducted in Panama 7? in which Anophe- 
les were marked by spraying them with a solution of eosin and then 
liberating them. Collections were made during the following several 
days and the mosquitoes collected were examined for the presence of the 
dye. Forty stained specimens were recovered at a distance varying from 
1200 to 6250 feet from the liberation station. Five specimens were cap- 
tured at the greater distance. 

LePrince and Griffitts '* made numerous investigations of the flight 
habits of Anopheles quadrimaculatus in South Carolina, employing the 
same method of identification that was followed in the Panama studies. 
These observations show that under certain conditions at least, Anopheles 
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quadrimaculatus will fly as far as one mile from the point of liberation. 
In one observation where the production at the breeding-place was con- 
siderably less, the greatest distance over which flight was found to have 
taken place was approximately half a mile. In one test the marked 
specimens flew a distance of 3090 feet, 800 feet of which was over a river, 
in returning to the cabin in which they were first captured. 

It is noteworthy that out of 270 Anopheles quadrimaculatus that 
were liberated at a distance of 3090 feet from the place where they were 
captured, two of them were recaptured in the same cabin within seventy- 
two hours after their liberation. This not only has significance as to 
the distance over which mosquitoes fly, but also emphasizes the idea of 
their tendency to return to the house from which they came. The 
author considers this an extremely important feature of malaria trans- 
mission that has perhaps been somewhat overlooked. Not only do mos- 
quitoes tend to return to the same breeding-ground where they were 
bred, after securing a blood-meal, but there is also a tendency for them 
to return to the same feeding-ground after ova-position. For this rea- 
son, especially in rural communities, a malaria carrier in a given house 
is much more likely to be a source of infection to persons living in the 
same house than he is to others living in the community. 

The distance over which Anopheles may fly under exceptional cir- 
cumstances is not as important as the distance over which they actually 
fly under ordinary conditions in sufficient numbers to be likely to trans- 
mit malaria. Generally they do not fly over clear ground for as long 
distances as they do over ground where they are protected more or less 
by a growth of trees or rank vegetation. Being swamp or jungle species 
most of them do not venture great distances away from such protection 
from their natural enemies as is afforded by a dense growth of vegeta- 
tion. Anopheles will follow a hedge row or a lead of trees for much 
longer distances than they will fly over clear ground. In the rural farm- 
ing section, crops, such as corn and cotton, frequently offer favorable 
protection and leads for mosquitoes to reach residences situated so far 
from their breeding-ground that they would not reach them otherwise. 

(5) Length of Life of Mosquitocs.—No doubt the longevity of differ- 
ent species of mosquitoes varies greatly and there is also no doubt that 
there is a great variation in the length of time mosquitoes of the same 
species live under variable conditions. Many species are known to pass 
the winter in either a hibernating or an inactive condition. The manner 
in which the active processes are minimized and the length of life greatly 
prolonged by special influences is indicated by an observation of Mitz- 
main ?° in which it was found that gravid females did not deposit eggs 
as long as they were kept at temperatures of from 4.5° to 12.5° C. In 
another experiment some eggs were laid at temperatures ranging be- 
tween 13.5° C. and 16.5° C. At warmer temperatures the life processes 
are much more active and no doubt the life of the insect is much shorter. 
When mosquitoes are kept under artificial conditions in the laboratory, 
the mortality is very high. A large part of them live only a few days. 
One cannot conclude, however, from this that the duration of life of 
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Anopheles in nature is so short. It is a fact, however, that whenever 
mosquito-breeding is stopped in a locality where the insects are abundant, 
it takes only a week or two for a marked reduction to be noticeable. 
The average length of life of Anopheles must therefore vary greatly 
from about two or three weeks under some conditions up to at least three 
or four months under winter conditions. It must be understood, how- 
ever, that of the large number alive at the beginning of the winter, 
only a very small proportion survive to the next warm season. 

F. Types of Infection—In simple tertian infection there may be 
one crop of parasites segmenting on one day and another crop segmenting 
on the alternate day, giving rise to quotidian fever. This is properly 
called double tertian infection. The most frequent type of infection, 
however, is single tertian in which there is only one crop of parasites, 
giving rise to tertian fever. 

In quartan malaria there may be one, two or three crops of parasites, 
giving rise to quartan fever, or to quotidian on two days followed by an 
intermission of one day, or there may be three crops of parasites, giving 
rise to quotidian fever. The tendency to reproduce by crops is not so 
marked in the estivo-autumnal type; in heavy infection, especially, there 
are sufficient parasites reproducing at all times to give rise to continued 
fever without intermission. 

In addition to these various types of pure infection, there may be 
mixed infections of two or three different species. It happens very 
frequently in localities where two species of malaria parasites are preva- 
lent that an individual may be infected with both. It often occurs that 
an individual may have tertian infection during the spring and early 
summer and estivo-autumnal in the fall and winter. It is not common, 
but occasionally happens that gametes of both may be found simultane- 
ously in the blood of an individual. One may sometimes find a few 
crescents in the blood of cases where all ‘the schizonts found are ter- 
‘tian. Usually in cases of mixed infection one parasitic form predomi- 
nates and determines the clinical picture. 

Symptomatology.—C.inicaL History.—Period of Incubation: Symp- 
toms of Incubation Period.—The period of incubation is necessarily in- 
fluenced very greatly by the number of sporozoites introduced. For 
instance, the length of time required for sufficient multiplication to give 
rise to clinical symptoms would be very much longer where the in- 
dividual had been bitten by only one infected mosquito than in another 
instance in which he had been bitten by many, each one introducing a 
number of sporozoites. It is conceivable that clinical symptoms might 
possibly develop after forty-eight or seventy-two hours, according to the 
species of malaria parasite, provided an enormous number of infected 
mosquitoes fed upon the individual. Barber ** reported two cases in which 
the first rise of temperature occurred from fourteen to seventeen days 
after experimental inoculation by infected mosquitoes. These were 
Anopheles rossi infected with estivo-autumnal parasites. Mitzmain,’ ex- 
perimenting with Anopheles punctipennis infected with tertian para- 
sites, allowed from one to four mosquitoes to bite each of seventeen dif- 
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ferent persons. The incubation period in the fourteen who developed 
malaria is shown in his table, reproduced below (Table 4). 


TABLE 4.—LENGTH oF TimME Eaco PERSON Was BITTEN AND INCUBATION 
Pzeriop Resuitina. (Mitzmain) 


Date Infected Anopheles punctipennis Applied ee 
When Volunteer rT _| Period 
Bitten No.18 | No.23 | No.24 | No, 25 | (Days) 
1916 
Feb. 17| H. E. H........ 1 minute | 45 seconds | 45 seconds | 40 seconds 15 
*- 184 Drs As laws. 4. ee okies Complete | Complete | ......... 14 
© OL Dr che Gi De ott ota I eee eae es 40 seconds | 1 minute 13 
© 2b Dre de DG) cece gare lly Bendegre eens 30 seconds | 40 seconds 14 
Be es WEEN a aac bak ON unt atone WO eed ag 1 minute 45 seconds 14 
Be OT yes Buc de 250s cos <i! WG ck act ae eS | agreed aes 30 seconds | 80 seconds 15 
Oo 2 Dre Ree EON NU oasacedeadke We Snack ave ee os 1 minute | ......... 15 
Be Set Ee AD ak ota ce ok Wh Baek web 40 seconds | 1 minute | ......... 13 
«© 23! Dr. 8. L.C.... | ........ 40 seconds | 30 seconds | ......... 13 
© 26 1 RoW isk ed | ween den 50 seconds} ......... |] ......-6. 16 
© DG Aen tated Baa Benen 1 minute I minute | ......... 14 
© 2S) Cy Bieiiuakek Pe bans Complete | Complete | ......... 13 
Mar. Fill. As Re ceen iis yok tein 35 seconds | ......... | ......00- 19 
Bo? Nk Ge Oe eel dass Te a6eees I minute | .........[......... 18 
oe a) Ce ren ewe een ee 50 seconds | ......... | .......-. Neg 
BY. 2 la WV ccoae nites. lh, Aenewd ok Taminute:. 4) siaaeeasc || deedecad s Neg 
Me OA Wi. Pivintalee aeatend. 4s Sages dats 20 seconds | ......... | ......25- Neg 


On the basis of blood inoculations, Marchiafava and Bignami’® esti- 
mated the incubation period to be from eleven to eighteen days. 

Mannaberg ‘ describes an observation made by Sorel in which eight- 
een men developed malaria in from seven to nine days after their first 
exposure to natural infection. It seems that they were exposed to very 
heavy infection, which would furnish an explanation for the fact that 
the incubation period was somewhat shorter than that observed by others. 
With reference to the duration of the incubation in experimentally pro- 
duced malaria, Mannaberg*‘ says: ‘‘Quartan fever shows, in five cases, 
incubation periods of from 11 to 18 days; the average, therefore, is 13.4 
days. Tertian fever shows, in seven cases, incubation periods of from 6 
to 21 days; the average is, therefore, 11 days. Seven cases with parasites 
of the second group (ameboid, with and without crescents) show fluctua- 
tions between 3 and 14 days; the average is, therefore, 6.5 days. In two 
cases showing crescents without (probably with small numbers of) ame- 
boid parasites, the incubation period was 138 to 15 days, the average be- 
ing, therefore, 14.’’ 

The data available leads the author to set the limits for the vast ma- 
jority of all cases of natural infection at from 6 to 21 days. It is quite 
possible that in rare instances it may last much longer than that, and in 
fact persons may become infected and carry their infection for thonths 
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without ever showing recognized clinical evidence. It is possible that 
individuals who have so much resistance as to make this possible may 
finally eliminate the infection without ever having shown any clinical 
signs. It would even be possible for such an infection to exist and yet 
no parasites be found upon blood examination, because of the small 
number present at the time of examination. This view is especially 
supported by the observation that in localities where malaria is very 
prevalent blood examinations frequently prove considerable numbers of 
persons to have parasites in their blood who are not sick at the time 
and who have not had any evidence of malaria, so far as they know. 
Many of these carriers of light infection finally lose their infection 
without ever having clinical evidence of its presence and without under- 
going any treatment whatever. | 

Usually there are no recognized symptoms during the incubation 
period. It does happen, however, that the patient may have one paroxysm 
of chills and fever, and sometimes two, before any malaria parasites are 
found in the peripheral blood. Frequently the first paroxysm is con- 
siderably milder than those following it. Although it is not possible 
to make a certain diagnosis of malaria until malaria parasites are dem- 
onstrated, there is no doubt that the one or two paroxysms which some- 
times occur before parasites are demontsrated are a part of the disease 
and ean therefore hardly be included in the incubation period. In those 
cases’ which do not develop clinical symptoms early, or at all, there 
are of course no recognized symptoms of the incubation period. There 
is no doubt that the infection has a definite systemic effect. It may, 
however, be so slight that it is not recognized by the individual, nor 
could it be recognized in many instances by a most careful medical 
examination. 

Mode of Onset and Symptoms during Progress of Disease—The great 
variation in the symptoms of malaria can best be appreciated if we 
look upon it as an infection by parasites and not as a disease. It is 
simply a case of the presence of parasites in the blood and especially in 
certain organs and tissues of the body. The reproduction of these para- 
sites is controlled to a large extent by the resistance of the individual. 
The resistance may, in some instances, be sufficient to destroy all the 
parasites and to prevent the production of sufficient numbers to give 
rise to any clinical symptoms. On the other hand, the resistance may 
be very poor, so that the parasites are able to reproduce at a rapid 
rate. A certain amount of restraint, however, 1s probably always pres- 
ent. Some infected individuals never develop clinical symptoms, as has 
already been stated. Whenever attacks develop, however, the onset is 
usually rather sudden. The patient may experience a certain amount 
of malaise, headache, etc., for an hour or two before the onset of the 
chill. 

The chill is the most frequent symptom of the onset of an attack 
of malaria, although it is sometimes absent. It is less likely to occur in 
young children than in older persons. The chills of malaria almost 
always occur during the day, but the first one may sometimes occur at 
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night. Such a night attack generally comes before 8 or 9 P.M. and after 
4 aM. The first chill is usually lighter than those which occur later, 
but sometimes it is quite severe. The duration of the chill is also ex- 
tremely variable but usually lasts from a few minutes to half an hour 
or sometimes a little longer. 

Severe headache and general aching, especially in the back and 
limbs, set in during the chill if they are not already present. These 
symptoms increase with the fever until the maximum temperature is 
reached. When the fever ‘‘sweats off,’’ as it generally does, the aching 
usually goes with it. 

Nausea and vomiting are common symptoms of the onset of a 
malarial paroxysm and often continue during the height of the fever. 

Convulsions not infrequently occur at the onset and during a malarial 
paroxysm in children, especially when it is accompanied by very high 
fever. 

The temperature begins to rise at the time the chill sets in, or some- 
times from a few minutes to an hour earlier. During the chill the rectal 
temperature usually shows an elevation of two or three degrees. The 
temperature reaches its maximum within an hour or two after the 
onset of the chill and lasts from an hour or two to several hours in dif- 
ferent individuals. Malaria is a disease characterized by high tempera- 
ture, although in many instances it does not rise very high. Tempera- 
tures of 104° and 105° F. (40° and 40.6° C.) are the common maximum 
in ordinary intermittent malaria. Temperatures of 106° or 107° F. 
(41.1° or 41.7° C.) have been observed, although, of course, they last for 
only a short period of time. The fever usually lasts from two or three 
to six, eight or ten hours and then begins to subside rapidly with the 
onset of the sweating stage. 

A decline in the elevation of temperature marks the beginning of the 
sweating stage. The patient becomes quiet and usually goes to sleep. 
Profuse perspiration usually lasts for an hour or more, and finally the 
temperature reaches approximately normal. The patient soon feels fairly 
well except that he is somewhat weakened and ‘“‘used up’’ from the 
paroxysm. In most cases the patient continues to feel better until the 
onset of another paroxysm. 

In simple tertian malaria the paroxysm characterized by chill and 
high fever lasts for from one to several hours, The symptoms rapidly 
subside, usually giving way to profuse perspiration. It seldom occurs 
that the temperature does not return to the normal before or during 
the night following the attack. The patient feels fairly well, except 
for the weakness and depression due to the paroxysm, until about 
forty-eight hours after the onset of the first paroxysm. Another attack 
of chills and fever occurs, usually beginning at almost exactly the same 
time of day and running about the same course, except that in persons 
whose resistance is not strong there is a tendency for the paroxysms 
to be more severe. In persons who are controlling the infection, or 
eliminating it, the onset of the paroxysms tends to occur later each 
time. On the other hand, in those who are not putting up a good fight, 
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the tendency is for each subsequent paroxysm to set in earlier than the 
preceding one. In simple tertian malaria where only one crop of para- 
sites is present, giving rise to tertian chills and fever, these attacks occur 
with great regularity every other day indefinitely, if not influenced by 
treatment, by the resistance of the patient or by some other factor. In 
‘the instance of two crops of malaria parasites segmenting on alternate 
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Fig. 9.—TEMPERATURE CHART OF SINGLE TERTIAN INFECTION, 





days, chills and fever occur every day instead of every other day. The 
tendency is, however, for the paroxysm produced by each crop to occur 
at the same time of day as that produced by the other. 

In quartan malaria the onset is almost exactly like that of tertian 
but usually less severe. The paroxysms, both chills and fever, are also 
generally less severe. The duration of a paroxysm is about the Same as 
in tertian. If only one erop of parasites is present, the paroxysm re: 
curs at seventy-two hour periods and not at forty-eight hour periods as 
in tertian. It sometimes happens that there are two crops of parasites, 
one segmenting on one day and one on the next and none on the next, 
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giving rise, of course, to paroxysms on those days. Sometimes, also, 
there may be a crop of parasites segmenting on each day, giving rise 
to a daily paroxysm. This occurs at the same time each day, or at least 
tends to do so. 

The mode of onset of estivo-autumnal fever is frequently very similar 
to that of tertian or quartan, and there may be some prodromal symp- 
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Fig, 10.—TEMPERATURE CHART OF DOUBLE TERTIAN INFECTION. 





toms; but usually the rather sudden development of a chill followed by 
fever is the first thing noticed. Accompanying the chills and fever are 
also the characteristic headache and aching in the back and limbs. 
Estivo-autumnal infection may give rise to intermittent chills and fever 
whenever the parasites segment chiefly by crops, as they generally do, 
or it may give rise to continued fever after the first chill occurs. In 
some instances we have regular every-other-day chills and fever or ter- 
tian malaria. More frequently there are two crops of parasites segment- 
ing on alternate days, giving rise to chills and fever every day. There 
is a tendency for the fever to last longer following the chill; also there 
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is less tendency for every paroxysm to be ushered in by chills. In the 
ease of two crops of parasites, it frequently happens: that there 1s more 
or less continuous segmentation, giving rise to continued fever, the 
temperature remitting, but not reaching the normal during the twenty- 


four hours. Usually no chills occur after the first one or two in such 
eases. There is no remarkable difference between the chills and fever of 
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Fig. 11—TEMPERATURE CHART OF SINGLE QUARTAN INFECTION. 












tertian, quartan and estivo-autumnal malaria. The noteworthy difference 
in the three forms is that tertian and quartan are almost always inter- 
mittent, whereas estivo-autumnal may be intermittent but is frequently 
remittent. 

In those clinical types in which the symptoms are very severe, ma- 
laria is frequently spoken of as pernicious. Nearly all cases of per- 
nicious malaria are produced by the estivo-autumnal parasite, although 
occasionally the tertian or quartan parasite may produce pernicious 
symptoms or actually death. The so-called quotidian estivo-autumnal 
parasite is usually the one responsible in pernicious malaria. Some- 
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times the chill is especially severe and prolonged. It may or may not 
be accompanied by very high fever, severe gastro-intestinal symptoms 
or convulsions. In the event of death or threatened death due to such 
a case of pernicious malaria, the chill would be called a ‘‘ congestive chill.”’ 
The blood in such cases shows larger numbers of parasites than are 
usually present in the more benign elinical types. Usually the greater 
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Fig. 12.—TEMPERATURE CHART OF DOUBLE QUARTAN INFECTION, 





number of the parasites offers sufficient explanation for the greater 
severity. 

Sometimes, for reasons not at present well understood, ‘‘hematuria’’ 
or, more correctly speaking, hemoglobinuria, develops. Just what occurs 
to produce this condition is not known. In hemoglobinuria, usually fol- 
lowing a chill, the urine is noticed to be of a deep claret or almost 
eoffee-black color. Great depression is usually present. Within from 
twenty-four to forty-eight hours jaundice begins to appear and, except 
in the mildest cases, develops rapidly, until the skin and sclera are a 
pronounced saffron yellow. In favorable cases, the hemoglobin in the 
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urine may clear up almost as rapidly as it set in. In less favorable cases 
it may continue to increase, especially following the next chill. The 
chills of hemoglobinuria do not occur with the same regularity as they 
do in other forms of malaria. However, there is a marked tendency to 
periodicity, and in many instances they do occur almost as regularly 
as they do in ordinary malaria, chills and fever. 
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Fig, 13.—TEMPERATURE CHART OF TRIPLE QUARTAN INFECTION. 


There is no uniformity in the elevation of temperature occurring in 
hemoglobinuria but, generally speaking, the fever is not high, ranging 
from 101° to 105° F. (38.3° to 40.6° C.). When the disease 1s progress- 
ing, it is usually remittent in type, but occasionally intermittent. 

The quantity of urine decreases, accompanied by the production of 
casts. In cases that progress to a fatal termination, anuria almost al- 
ways occurs, often several hours and sometimes several days before 
death. The anuria is said to be due to the plugging of the renal tubules 
and to diminution of blood-pressure. It occasionally happens that 
urinary secretion is reéstablished after more or less complete suppres- 
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sion for several days; in such cases recovery takes place. The depression 
and low blood-pressure are striking features of the disease. The blood- 
pressure is frequently approximately 70 or 80 mm. of mercury. 

Another important form of pernicious malaria is the cerebral or 
comatose type. The onset is sudden, but usually it occurs in persons 
who have had several previous paroxysms or who have had active clinical 
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Fig, 14.—-TEMPERATURE CHART OF TERTIAN ESTIVO-AUTUMNAL MALARIA. 


symptoms of malaria for at least several days. It is practically always 
caused by estivo-autumnal parasites and varies very greatly, depending 
upon the number of parasites obstructing the capillaries of the brain, 
and upon the extent and location of the obstruction. No doubt some 
parasites lodge in the brain in all cases of malaria, but whenever they 
are sufficiently numerous, sufficient anemia of the brain is produced 
to cause coma. The profoundness of the coma varies very greatly, of 
course, as does also its duration. Sometimes it lasts only a few hours 
and passes away with the subsidence of the high fever. In other in- 


stances it continues and increases until the death of the patient, in spite 
VOL, IT1.—xs. 
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of any treatment given. Usually there are very large numbers of para- 
sites present in the blood in these cases. In such instances delirium 
and unconsciousness are present, especially during the high fever period. 
They generally subside with the fever. 

PHyYsIcaAL FINDINGS.—It must be understood that malaria consists 
of an infection with one or more of three different species of malaria 
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Fig, 15.—TEMPERATURE CHART OF QUOTIDIAN ESTIVO-AUTUMNAL MALARIA, 


TEMPERATURE 





parasites, each of which produces somewhat different symptoms and 
may have a somewhat different effect, recognizable on physical examina- 
tion. It must also be understood that the number of these parasites in 
different individuals may vary very greatly, from a number entirely too 
small to produce any recognized effect up to one sufficient to produce 
death. Between these two extremes there will be wide variations in 
the symptoms and findings upon examination. For instance, in the case 
of individuals who have been infected with malaria parasites but have 
sufficient resistance to prevent their multiplying to any considerable 
extent, it may be that nothing abnormal can be recognized by a physical 
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examination. There are, however, changes demonstrable by physical 
examination in practically all infected persons who have clinical symp- 
toms due to malaria. 

Observation.—During the first few days of a first attack of active 
malaria nothing abnormal may be recognized by observation. After a 
few paroxysms have occurred, however, there has usually been sufficient 
destruction of blood-cells so that a certain amount of anemia is present. 
As the disease continues, the anemia increases more or less, and sooner 
or later it will be noticed from the general appearance of the individual, 
as well as upon examination of the mucous membranes. Repeated 
paroxysms, or chronic malaria, result in a sufficient collection of the 
malaria pigment in the capillaries of the skin to give rise to a more or 
less muddy, cachectic appearance. This cachexia may be very marked 
in those who have had repeated attacks for long periods of time, 
especially when the attacks are due to estivo-autumnal parasites. 
The other parasites do not give rise to cachexia to anything like the 
same extent as the estivo-autumnal type. In fact, almost all cases of 
malarial cachexia are due to estivo-autumnal infection. 

In the hemoglobinuric form, if it is at all severe, hematogenous and 
perhaps hepatogenous discoloration of the skin appears soon after the 
appearance of the hemoglobinuria. In severe cases this is frequently 
very marked and the appearance of the patient is quite similar to that 
of one suffering with yellow fever. In addition to this hematogenous 
change which is found more or less in eases of hemoglobinuria, there 
is sometimes sufficient hepatitis in other forms of malaria, where for 
some reason or other the parasites especially localize in the liver, to 
give rise to considerable bile-staining of tissues and to a jaundiced ap- 
pearance. 

In the pernicious, comatose cases the patient is observed to be in a 
more or less profound state of coma. Usually the pupils are dilated. 

Palpation.—One of the positive changes revealed by palpation in 
malaria is the enlargement of the liver which occurs in a large propor- 
tion of all cases that have continued for any considerable length of 
time. In chronic, cachectic cases, especially in those of long standing, 
the border of the liver is usually readily palpated well below the costal 
border. It is firm and hard but not so strikingly so as the accompanying 
enlarged spleen. 

The other change to be recognized by palpation is in the spleen 
which is enlarged and hard in most cases of malaria where clinical 
symptoms have continued for more than a few days. The spleen is en- 
larged in all cases of clinical malaria and in all forms of the disease, but 
the enlargement is greater in the tertian and estivo-autumnal form 
than in the quartan. During the first few days of a first attack of ma- 
laria it may be impossible to palpate the spleen, but after that the 
border can usually be felt extending more or less below the costal 
border, depending upon the duration and severity of the attack and per- 
haps also upon the individual case and the type of infection. In chronic 
cases of long standing it is not uncommon for it to extend below and to 
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the right of the umbilicus. These very large spleens are usually 
extremely hard. In most instances they can be felt without difficulty, 
and if the abdomen is at all relaxed one can usually grasp the organ in 
the hand and palpate it with great ease. In such cases, the patient him- 
self frequently feels and recognizes the enlarged spleen. 

The spleen can be palpated best with the patient in the recumbent 
position and with the knees drawn up to relax the abdomen. The 

technic is as follows: Stand on the right side of the patient and place 
the left hand over and beyond the region of the spleen so as to be able 
to lift it forward against the costal border and abdominal wall. Now 
with the right hand placed fiat upon the abdominal wall, do the pal- 
pating with the tips of the fingers. Instruct the patient meanwhile to 
take a full inspiration and then to exhale. Repeat this two or three 
times in order to accustom the abdominal muscles to the hand on the 
abdomen and to obtain thorough relaxation. As the patient takes a 
full breath after having exhaled, lift the spleen forward with the left 
hand and gently press the tips of the fingers of the right hand against it. 
About the middle of the inspiration and after the spleen has been forced 
against the finger tips, which are pushed forward to meet it, raise the 
fingers somewhat and allow the spleen to slip beneath the finger tips. 
The sensation produced is striking and enables one to recognize the 
spleen without difficulty. 

The frequency of enlargement of the spleen is so great in some coun- 
tries that it is calculated as a means of determining the prevalence of 
malaria in the region. The author’s observation has been that the 
spleen rate would be of little value in determining the endemic index in 
this country. It must be granted that it may be useful in other countries 
where malaria 1s much more prevalent than it is here, but it does not 
seem advisable to substitute it for the more dependable blood examina- 
tion for this purpose. 

Percussion.—Perecussion does not reveal anything in malaria, but it 
may be an aid in outlining the size and location of the liver and spleen. 
Usually palpation is much more dependable, particularly for the pur- 
pose of recognizing enlargement of the spleen. Percussion is especially 
useful in determining the border-line of liver dullness. 

Auscultation.—There is nothing abnormal to be found by ausculta- 
tion in malaria except perhaps in the extremely rare, so-called pneu- 
monic form, in which there are large numbers of parasites lodged in the 
capillaries of the lungs. MRales and other evidences of hyperemia may 
be found, but it is always doubtful whether they are due entirely to the 
malaria or to secondary or accompanying conditions. There is no rea- 
son why there should not be cases of malaria and pneumonia occurring 
simultaneously in the same individual. In fact, such is the case, and 
the author doubts whether there is such a form of malaria as the pneu- 
monic form, due to malaria only. 

Special Tests—Reflexes, etc—In comatose and other pernicious 
forms of malaria the reflexes may be diminished and there may be 
paresthesia. These are to be found especially in extreme cases. If we 
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understand that a large proportion of such cases, if not all of them, 
are caused by the collection of large numbers of parasites in the capilla- 
ries of the brain and perhaps of the cord, and by the localization of the 
parasites in different parts of these particular organs, we will be pre- 
pared to expect various nerve phenomena in different cases. Delirium, 
tetany, tetanic or convulsive paroxysms upon irritation may occur in rare 
instances. 

LABORATORY FiNnpINGs.—1l. Blood.—Laboratory examinations of 
blood in malaria show many changes, varying with the intensity and 
duration of the infection. In many instances the resisting influences of 
the body are strong enough to prevent sufficient reproduction of malaria 
parasites to give rise to demonstrable effects upon the blood. On the 
other hand, in cases where there is very active multiplication of the 
parasites and consequent destruction of the red blood-cells, more or less 
anemia is produced. In the severer cases anemia is present to a very 
large degree. It is not uncommon to find hemoglobin readings as low as 
50 or 60 per cent., and in some instances even as low as 40 per cent. 
This low reading is sometimes reached in a comparatively short time in 
the worst cases. Not only is there reduction in the hemoglobin read- 
ing, but there is also more or less reduction in the total count. Usually 
the count does not decrease as rapidly as the hemoglobin percentage 
does, and therefore we always have a color index below normal in uncom- 
plicated malaria. In the severer cases, polychromatophilia, stippled and 
occasionally nucleated cells are found. Bad chronic malaria cases show 
almost as much granular degeneration of the red cells as any other 
condition except lead-poisoning, pernicious anemia and some of the leuke- 
mias. 

The only change in the leukocyte count is an increase in the per- 
centage of the large mononuclear cells. In most cases of malaria in which 
there are active clinical symptoms the count runs from about 6 per cent. 
to 15 per cent. or 18 per cent., sometimes even higher. It is not uncom- 
mon to find malaria pigment in the large mononuclear or endothelial 
leukocytes. Whenever the pigment is found, it is quite characteristic 
and diagnostic. 

Malaria parasites are found in the blood in practically all clinical 
eases of malaria which have not been recently treated by quinin. Quinin 
causes the rapid disappearance of parasites, especially of the schizonts, 
and therefore in interpreting the presence or absence of parasites in a 
given case, one should always take into consideration information as to 
whether or not quinin has recently been taken. Even five or ten grains 
of quinin are frequently sufficient to cause the disappearance of para- 
sites. The latter sometimes disappear as a result of quinin a short time 
before the disappearance of the clinical symptoms. In malaria patients 
who take sufficient quinin to cause the parasites to disappear from the 
peripheral circulation, the fever, or chills and fever, do not continue for 
any length of time after the ingestion of the drug. 

(a) Technic of Blood Examination for Malaria. Plasmodia.—There 
are three methods of examining the blood for malaria plasmodia, each 
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one of which has its advantages and application: (1) the ordinary ‘‘thin 
film method’’; (2) the ‘‘thick film method,’’ and (3) the ‘‘centrifuge 
method.’’ The thin film method may be learned quickly and is by far 
the most practical for all ordinary purposes. The thick film method 
requires much more experience on the part of the operator, and in the 
hands of those with little experience, it is less reliable. In the hands 
of experienced workers, however, it results in great saving of time. From 
about three to ten times as much blood can be examined in a given Jength 
of time by this method as by the thin film method. Only those with 
special facilities and training are able to use the centrifuge method with 
success. When properly carried out it frequently results in the finding 
of parasites in blood when they could not be found by any other method. 
However, it is not to be recommended for general use. 

Thin Film Method.—Prick the finger or ear lobe (a straight, Hage- 
dorn needle makes a good blood sticker) and squeeze out approximately 
14 drop of blood. Touch this with the surface of a clean microscope 
slide at about the junction of the middle and outer third of the slide. 
Place the end of another slide in the drop and spread it out thinly. 
Most of the spread should be on the middle third of the slide. It should 
vary in thickness from too thick to see through on one end to as thin as 
possible on the other end of the spread. The blood spread dries quickly 
and should then be labeled by writing the name or initials of the pa- 
tient across the face of it either with an ordinary lead pencil or, prefer- 
ably, with a metal point (such as the blunt end of a needle). Such 
preparations may be kept for hours, days or weeks before they are 
stained and examined. However, better results are obtained if they 
are stained within from twelve to twenty-four hours after the time 
they are made. 

There are many different stains that are quite satisfactory, various 
modifications of the Romanowsky stain being the best. Wright’s stain 
is almost perfect for this purpose. The technic of staining is as fol- 
lows: 

(1) Cover the preparation with the stain for one minute. 

(2) Dilute the stain on the slide with from one to four or five times 
as much water, preferably distilled, and allow to remain from three to 
five minutes. 

(3) Wash off, dry and examine with the oil immersion lens. 

Thick Film Method.—For the thick film method blood is obtained in 
the same way, but a somewhat larger quantity is drawn. From one-half 
to one drop is preferred. Instead of being spread out thinly on the 
slide, the blood is made into a thick film by spreading it out somewhat 
with the corner of another slide. Usually half a drop of blood will 
make a spread of proper thickness, about half an inch in diameter. It 
should be as thick as can he decolorized and stained properly and ex- 
amined satisfactorily. Experience will be the best guide as to the proper 
thickness. 

Several different methods of decolorizing and staining these thick 
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film preparations have been recommended. A perfectly satisfactory one 
is as follows: 

(1) Decolorize and fix the preparation in methyl aleohol (Merck’s 
highest purity), containing 2 per cent. glacial acetic acid and 2 per 
cent. hydrochloric acid. It takes from one to three minutes to decolorize 
recently made preparations. Very old preparations are much more 
difficult to decolorize. 

(2) Wash, preferably in running water, to entirely remove the 
acid. This requires only a minute or two. 

(3) Stain in the polychrome methylene blue solution described be- 
low, for two or three minutes. 

(4) Transfer without washing and stain in 1 to 1000 solution of 
eosin in water, for one-half minute. 

(5) Transfer without washing and stain again in the polychrome 
methylene blue solution for one-half minute. 

(6) Transfer without washing and dip once only into the eosin 
solution, after which wash immediately in running water. Allow the 
preparation to dry and examine with the oil immersion lens. Malaria 
parasites stain well, but have not exactly the same appearance as they 
have in the thin film because of the fact that they are not spread out, 
or rather that the red blood-cells containing them are not spread out 
flat on the slide. The platelets are stained more or less and there is 
also considerable foreign material and débris which may mislead one not 
familiar with malaria parasites in such a preparation. 

Stock polychrome methylene blue solution is made by heating a 1 per 
cent. solution of methylene blue in water containing 14 per cent. of so- 
dium bicarbonate, in a steam sterilizer for one hour. This is filtered and 
is known as stock solution of polychrome methylene blue. The staining 
solution is made by adding 2 c.c. of this stock solution to 100 c.c. of 
water. The dilute solution may be used for several days before making 
up a new staining solution. 

The Centrifuge Method.—This method depends upon the fact that 
when defibrinated or citrated blood containing malaria parasites is 
centrifugalized under proper conditions, all the large parasites rise to 
the surface of the cell-column in the bottom of the tube. 

Blood is drawn from the vein by means of a clean, dry syringe (or of 
a hollow needle only) and defibrinated by stirring it with a suitable 
glass rod or other instrument. Another equally satisfactory method of 
preventing coagulation is the addition of 2 ¢.c. of a 50 per cent. solution 
of sodium citrate to 10 ¢.c. of blood immediately after it is drawn. 

Place the defibrinated or citrated blood in large centrifuge tubes so 
that the depth of blood is from 2 to5em. Centrifugalize at about twenty- 
five hundred revolutions per minute for from one to three minutes. 
Most of the large parasites come to the top of the blood-cell column and 
may be removed with many blood-cells by very careful ‘‘skimming’’ by 
means of a small capillary pipet fitted with a rubber nipple. Place the 
blood skimmed as suggested on a slide and spread either for a thick film 
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or for a thin film, according to which is desired. Stain and examine 
as described above. 

For a description of the parasites as found in the blood, see page 971. 
For the interpretation of laboratory findings in the diagnosis of malaria, 
see Diagnosis. 

2. Urine.—In persons who have malaria but who are resisting 
the infection sufficiently to prevent clinical symptoms, no change in the 
urine can be recognized. This is especially true in the tertian and 
‘quartan form. 

Polyuria during and just preceding the paroxysm is the rule with 
all mild or ordinary cases of malaria. The fever stage is accompanied 
and followed by highly colored urine, usually reduced in quantity. 
It is probable that this is the result of the fever and sweating, as it is 
also produced by fevers and sweats caused by other diseases. Dead- 
erick ® states that there is a polyuria of convalescence—‘‘ post-malarial 
polyuria.’’ He says further, ‘‘The polyuria of convalescence ordinarily 
begins from three to six days after the attack and continues for from a 
few days to several weeks.’’ 

The output of urea is increased in malaria as in other fevers. There 
is usually an excess of iron present, especially following the paroxysm. 

In mild cases of malaria, albuminuria is relatively infrequent. On 
the other hand, in severe cases and especially in pernicious malaria. 
albumin is usually present in varying quantities. Generally speaking, 
the more severe and more pernicious cases show the largest amount of 
albumin. 

Casts are not often found in mild cases, but in the severer and espe- 
cially in the pernicious cases both hyaline and granular casts are often 
present. As would be expected, the more albumin the more casts, in most 
instances. 

It is true that casts and albumin are present to some extent in al- 
most every case of comatose malaria, but this does not indicate that the 
coma is due to uremia. It is produced in an entirely different manner. 

In hemoglobinuric fever most important and significant changes 
are found in the urine. The individual whose urine, only a few hours 
previously, was clear, with little or no albumin and easts, will have 
a chill. The first urine voided afterward will vary in color from light 
claret to coffee black. When examined in a thin layer by trans- 
mitted light it appears of a lhghter red color. When examined in a 
thick layer it may be as dark as black coffee. The hemoglobin is in the 
form of methemoglobin, though oxyhemoglobin is later formed. Chem- 
ical examination shows the presence of hemoglobin. 

Albumin is present in varying but usually in very large quantities. 
The albumin content is not due entirely to the presence of blood, but 
there is acute nephritis, which increases the quantity of albumin over 
what would otherwise be present. 

Microscopic examination reveals a great deal of sediment and débris 
resulting from the inflammatory process in the kidney. Some blood- 
cells are usually found, but they are not present in sufficient numbers 
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to explain the color nor'to justify the diagnosis of the condition as hema- 
turia. It is not a true hematuria but a hemoglobinuria. Casts are 
present, usually in large numbers, and there are many granular and 
epithelial casts, indicating the most destructive form of nephritis. There 
is nothing that impresses one with the true nature of the condition and 
with its gravity more than does an examination of the urine sediment, 
especially in those cases in which no great amount of urine is eliminated. 
One realizes that the tubules of the kidneys are simply plugged or stopped 
up and that there is great danger of suppression, which occurs in most 
of the fatal cases of hemoglobinuria. Sometimes the anuria lasts for 
several days before death. In rare cases, after a few days of anuria, the 
elimination starts up again, but patients seldom recover if the anuria 
lasts more than twelve or twenty-four hours. 

In cases of hemoglobinuria which end in recovery, and also in per- 
nicious cases in which there are albumin and casts, these continue to be 
present for several days or weeks, gradually decreasing until they finally 
disappear entirely, except in a few instances in which the nephritis con- 
tinues. This probably occurs only in those individuals who for some 
reason or other are especially prone to the development of nephritis. 
Some of them would sooner or later have developed it without the in- 
fluence of the malaria attack. 

3. Stomach Contents.—The stomach contents are not affected in ordi- 
nary cases of mild malaria. On the other hand, in severe attacks, espe- 
cially of pernicious malaria, the functioning capacity of the stomach 
may be greatly reduced or almost absent. Stomach tests are not made 
under these circumstances, but if they were, the total acidity and free 
hydrochloric acid would be found to be greatly reduced. Slow or im- 
perfect gastric digestion would also be in evidence. 

In pernicious malaria, especially in the gastric form, vomiting is a 
frequent symptom and the vomited material lacks its normal acidity. 

In hemoglobinuria, the gastric contents almost always give a re- 
action for occult blood, and upon microscopic examination are found 
to contain blood-cells. In many pernicious gastric cases there is suffi- 
cient hemorrhage into the stomach, as a part of the general process, 
to give rise, in case of vomiting, to the so-called black vomit, resembling 
that of yellow fever. 

4. Feces.—There is no change in the feces of persons who are in- 
fected with malaria but who have no clinical symptoms, nor is there any 
demonstrable change in ordinary, mild cases of malaria. In pernicious 
cases, especially in the intestinal form in which the normal function 
is very largely hindered, the feces are liquid as a symptom of the diar- 
rhea. 

In hemoglobinurie fever the feces almost always give a reaction for 
occult blood, and im the severer cases there is frequently a great deal 
of blood or hemoglobin present. 

5. Transudates and Exudates—In long standing, chronic cases of 
malaria in which there is great enlargement of the liver and spleen, 
there is frequently more or less ascites. The fluid is of a dark yel- 
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lowish color considerably darker than the fluids seen in ascites from other 
conditions. 

6. Milk.—Malaria has no effect upon the milk except that in the 
most severe forms the flow is greatly reduced or entirely stopped. No 
examination is made of milk in connection with malaria. 

7. Tissue—No tissue examination is made for a diagnosis of ma- 
laria except that of material obtained by spleen puncture, which will 
be discussed under Special Examinations, Spleen Puncture. Sections 
of tissue from any part of the body would show malaria pigment in 
the endothelial cells lining the capillaries, but this is not made use of 
in diagnosis because of the convenience of the very much more practical 
blood examination. Sections of skin in all chronic cases of malaria, 
especially if cachexia is present, show malaria pigment. This is what 
gives to the skin its characteristic appearance in malaria. 

SPECIAL EXAMINATIONS.—1. Functional Tests.—In ordinary cases of 
malaria the renal functional tests would show nothing. In fact, they 
are not resorted to in diagnosis in connection with malaria. However, 
in all cases of malaria, especially those in which there is renal involve- 
ment, there is great reduction in the elimination by the kidneys. 

2. X-ray Examinations.— X-ray examinations are not indicated nor 
practiced in malaria. It would be possible to demonstrate the enlarge- 
ment of the spleen and liver by this means, but it is much easier to 
do so by the usual methods of physical examination, especially palpa- 
tion and percussion. 

3. Spleen Puncture.—Puncture of the spleen and microscopic ex- 
amination of the material obtained has sometimes been resorted to in 
examining for malaria. There is considerable difference of opinion as 
to whether or not this method is justified. The author agrees with the 
advice of Craig ’® that this procedure should not be resorted to for the 
purpose of diagnosing malaria. It is a dangerous and unnecessary pro- 
cedure. There is always the possibility of tearing the capsule by a sud- 
den movement while the needle is in the spleen and in such event a 
dangerous hemorrhage may occur. 

Diagnosis.—CLInicaL History.—There is perhaps no disease in which 
the clinical history is of more value in indicating the diagnosis than 
it is in malaria. It is not possible to make an infallible diagnosis with- 
out the confirmation of all other evidence by the demonstration of ma- 
laria parasites. It is, however, possible, in many instances, to make 
about as certain a diagnosis on the basis of the clinical history as in 
any other disease. This applies, however, only to the simple, ordinary 
eases of malaria, especially in the intermittent form. The clinical 
history does not help much in the diagnosis of malaria infection in 
individuals whose illness does not assume the usual clinical forms, espe- 
cially in those who are malaria carriers but have no clinical symptoms 
whatever. The following are some of the more important points in 
the clinical history that may indicate malaria: 

(a) Residence—The individual who lives in a region or locality 
well known to be malarious or one who has lived in such a region dur- 
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ing several years preceding the attack is likely to have malaria, but iz 
he has lived entirely away from a malarious region for more than one 
or two years without having had attacks during the time, this is strong 
indication that the disease present at the time is not malaria. Those 
who live in the country in malarious regions are much more likely tc 
have malaria than those who have lived in cities and large towns, be- 
eause there is not much transmission of malaria except in the rural 
districts. 

(6) Family History.—It may seem strange that family history should 
play any part in the diagnosis of malaria, but it is of some value. Of 
course it is of minor importance compared with the laboratory findings. 
When the patient is living with his family, members of which have re- 
cently had attacks of malaria, he is especially likely to have it himself. 

(c) Occupation—A history of an occupation which would lead tc 
special exposure to malaria infection would tend to support a diagnosis 
of malaria in the presence of other evidence. For instance, persons en- 
gaged in logging at a camp or mill where malaria is known to be preva: 
lent, or engaged in work on streams and in swamps where the conditions 
for the transmission of malaria are most favorable would be much more 
likely to contract the disease than those whose occupation did not ex- 
pose them to the same extent. Therefore, the history of such an occu. 
pation would tend to support or indicate the diagnosis of malaria. 

(d) History of Previous Illness—The history of previous attacks of 
malaria or attacks of diseases in which the diagnosis was not made but 
which were probably malaria tend to indicate the presence of this 
disease at the time of examination. Malaria relapses are so fre. 
quent as to make a positive history of previous attacks especially in- 
dicative. 

(e) Present Illness——Those who have acute or active clinical ma- 
laria give about the most clear-cut history of any disease that we 
know. Chills and fever, intermittent and periodical, occur in more 
than 50 per cent. of all cases of clinical malaria. Practically all cases 
of the tertian type who are really sick have chills followed by more or 
less fever for a few hours, and later by a period of normal temperature. 
There is no other disease in which the characteristic intermittent, peri- 
odical chills and fever occur. Quotidian, tertian and quartan clinical 
types are all characteristic. The remittent fever produced sometimes 
by quartan but nearly always by estivo-autumnal infection is much more 
difficult to recognize by the clinical history of the illness. The attack 
may begin with a chill, but continue with intermissions for days with- 
out another chill occurring. Malaria should always be suspected in 
such cases unless there is some other very clear explanation of the con- 
dition. 

One striking thing about the history of attacks in malaria is the 
fact that almost all malarial chills occur during the day. It is extremely 
rare for a malarial chill to occur at night. A chill occurring during 
the night, therefore, is almost certain to be due to some disease othe! 
than malaria. A few years ago, during an epidemic of yellow fevei 
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in a town (Tallulah, Louisiana) in which malaria was also quite preva- 
lent, the author was impressed with the importance in diagnosis of the 
history of the time of day at which the first chill occurred. Of course 
the physicians did not depend upon the clinical history alone in making 
the diagnosis, nor as a means of eliminating malaria in suspected yel- 
low fever cases. Yet it was striking how frequently this data enabled 
them to differentiate between the two diseases, after the appearance 
of the first chill, before making the microscopic diagnosis. The first 
and only chill in yellow fever occurs at night in a large proportion of 
the cases, and the first and all other malarial chills nearly always occur 
during the day. 

Although there are many other diseases in which one or more chills 
may occur, followed by elevation of temperature, it should be a rule 
with all physicians that a chill and fever, the cause of which is not 
apparent, call for a blood examination for malaria as well as for other 
examinations. 

PuysicaL Finpines.—During the first few days of a malarial attack 
a physical examination may fail to reveal anything that is diagnostic 
or strongly indicative of malaria. After the disease has lasted for 
more than a few days, more or less pigmentation or muddy discolora- 
tion of the skin and tissues takes place. This is due to the phagocy- 
tosis of malaria pigment by the endothelial cells of the capillaries. It 
is only in the cases in which there are a great many parasites present 
that this is at all noticeable. 

In the hemorrhagic form of malaria one frequently recognizes the 
lemon yellow tint of the skin and mucous membranes. It is usually 
very striking in the severer cases. 

The tongue is broad and furred in most cases of acute malaria. There 
are so many other diseases in which the tongue has the same appear- 
ance that this condition can be of little diagnostic value. 

In chronic cases of malaria the liver is usually somewhat enlarged, 
but this is not of much diagnostic importance because of the fact 
that the same thing occurs in a great many other diseases and con- 
ditions. 

Enlargement of the spleen occurs in a large majority of all chronic 
eases of malaria where clinical symptoms are produced. However, 
many people are infected with malaria for months or years without hav- 
ing any demonstrable enlargement of the spleen. Those who suffer 
from frequent clinical attacks have a spleen that is palpable below 
the costal border or even much further. The diagnostic importance of 
an enlargement of the spleen is reduced by the fact that whenever 
malaria has been sufficiently active to cause much enlargement, the clini- 
eal history is usually so definite and clear-cut that the diagnosis is 
strongly indicated. Malaria should always be suspected and looked for, 
however, in the presence of an enlarged spleen. 

LABORATORY Finpines.—The only way in which an exact and abso- 
lute diagnosis of malaria can be made is by a microscopic examination 
and the demonstration of malaria parasites in the blood. The clinical 
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history may indicate malaria, physical findings may alsc indicate it, 
but no absolute diagnosis can be made until parasites have been demon- 
strated in the blood. Barring extremely few rare exceptions, when- 
ever the patient has sufficient malaria parasites to give rise to clinical 
symptoms, the parasites can be demonstrated in the blood by competent 
examination. These rare exceptions are usually cases in which only one 
chill has occurred, the parasites not always being demonstrable until after 
the second and sometimes even the third chill. 

Malaria parasites can be diagnosed with absolute certainty by one 
who is familiar with them, and whenever they are found it always 
means that the patient has malaria. It does not, however, necessarily 
mean that malaria is the cause of the illness present at the time. Other 
diseases may be complicated with malaria or occur in individuals who 
have malaria infection, as well as in other persons. It may occur and 
does occur that malaria carriers who have few parasites and who show 
no clinical symptoms at all suffer from other diseases ; yet blood examina- 
tion may show the presence of malaria parasites. There is a tendency for 
the parasites to produce malaria symptoms in addition to the symptoms 
of whatever other disease co-exists, although up to that time the patient 
has shown no malarial symptoms whatever. It is quite possible for one 
to be misled by such a case in which the malaria parasites are quite 
numerous and malarial symptoms are added to the other clinical fea- 
tures of the case. On observing such a case for the first time, one 
would perhaps be likely to overlook the accompanying disease unless it 
happened to be one in which the symptoms were prominent and char- 
acteristic. 

In interpreting a negative laboratory examination for malaria in 
persons who have clinical evidence of the infection, one must not over- 
look the misleading influence of quinin. Many patients, especially those 
living in malarious regions, have already taken quinin before a physi- 
cian is consulted, or it may be that quinin has been prescribed by the 
physician before the blood examination is made. Large doses of quinin 
cause the disappearance of asexual parasites in from twelve to about 
seventy-two hours in all cases of malaria, provided the dose is large 
enough. This is true of all forms of malaria except, occasionally, the 
pernicious cases, especially those which have been comatose. 

The asexual parasites may continue to appear in the blood for four 
or five days in rare instances after quinin has been started. The gametes 
in tertian and quartan malaria usually disappear rather rapidly, usu- 
ally within three or four days after quinin treatment has been begun. 
The gametes of estivo-autumnal are more resistant to quinin, and are 
probably little affected by it. It usually takes from one to two weeks of 
treatment for all of the organisms to disappear. It is not likely that 
new gametes are produced after large and proper doses of quinin have 
been administered, but it takes from one to two weeks for the estivo- 
autumnal] crescents to die out after the patient starts taking sufficient 
quinin to prevent the production of others. The fact that malaria para- 
sites are not so likely to be found in cases of malaria in which quinin 
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has been administered as in those in which none has been given, 1s no 
argument against the examination of the blood whenever malaria is 
suspected. Parasites are usually present as long as clinical symptoms 
continue. Given a patient with fever or chills and fever due to malaria, 
it is almost certain that there are parasites in his blood. Quinin causes 
the disappearance of clinical symptoms, usually earlier than it does the 
disappearance of parasites. Whenever an examination is made under 
these circumstances a positive examination is of just as. much value as 
if the patient had not taken quinin, but a negative report is not of 
anywhere near as much negative value as it would be if quinin had not 
been taken. 

Complications and Association with Other Diseases.—So far as the 
writer knows, there is not a single disease the presence of which pre- 
vents the presence also of malaria. Therefore malaria may be com- 
plicated by or associated with any other disease or condition to which 
man is susceptible. The diseases which are most likely to complicate 
or be associated with malaria would naturally be those diseases which 
are most prevalent in that particular region in which it occurs. Indi- 
viduals who have malaria may have pneumonia, tuberculosis, typhoid 
fever or any other disease, but since malaria is a disease found most 
commonly in warm countries, it is more likely to be complicated by other 
diseases especially prevalent in the warm climates, such as, for instance, 
hookworm and other intestinal parasite diseases. Whatever diseases 
are associated with malaria do not occur because of the presence of 
malaria, but incidentally or coincidentally with it. 

Other diseases do not greatly alter the course of malaria except that 
their symptoms may mask the symptoms of malaria to such an extent 
that it is overlooked. The possibility of malaria being associated with 
other diseases in any region where malaria prevails to any great ex- 
tent is so great that, in the author’s judgment, a blood examination for 
malaria is indicated in practically all acute sicknesses. There is no 
other way of definitely proving that malaria is not present. In fact, a 
negative blood examination only shows that there is no active malaria 
present at the time. Whenever malaria is associated with other dis- 
eases, the treatment, so far as malaria is concerned, is not altered in 
any way, except that in special instances quinin may possibly be ob- 
jectionable. A case will rarely occur, however, where quinin is more 
harmful than malaria. 

Surgical operations, injuries, childbirth, ete., are likely to cause the 
development of acute malaria in individuals already infected. The de- 
velopment of fever in such cases in regions where malaria prevails al- 
ways demands a blood examination for malaria. In the event that 
the disease is present, the choice between quinin treatment and malaria 
is usually not difficult to make. 

The author wishes to mention one complication, not because of its 
great frequency, but because it often misleads the physician as to the 
effect of treatment. He refers to the chills, fever, sweats and leuko- 
eytosis sometimes produced by inflammation or necrosis of tissue due to 
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injections of quinin. The inflammation or necrosis may be due en- 
tirely to the action of the drug and not to infection. Symptoms usu- 
ally begin from four to seven days after the injection and vary in 
severity and duration with the damage done to the tissues. Often the 
physician mistakes them for active symptoms of malaria and errone- 
ously concludes that the quinin treatment has failed to relieve the active 
symptoms of the disease. This complication only occurs where treat- 
ment by injection of quinin is practiced and fortunately there seems 
now to be a tendency at least to use the method less than formerly. It 
is to be hoped that the reform in this direction will continue. 

Sequele.—There are no sequele in ordinary cases of clinical malaria 
or in the case of malaria carriers who never develop clinical symptoms, 
provided proper treatment is carried out. Chronic malaria in which 
the patient has repeated attacks of considerable duration, and pernicious 
malaria of whatsoever type, including especially hemoglobinuria, are 
the forms in which there may be sequele. 

It is stated that myocarditis frequently occurs as a result of attacks 
of pernicious malaria, and this is especially to be expected in the hemor- 
rhagic form. The myocarditis may last for a considerable time, ac- 
companied by the usual symptoms of lack of compensation, etc. 

The enteritis or dysentery, in the pernicious cases in which there 
is especial collection of the parasites in the tissues of the gastro-intestinal 
canal, is likely to be more or less chronic, regardless of the disinfection 
of the individual. These symptoms remain as sequele for many years. 
Although they may not be present at all times, provocation may bring 
them on from time to time. 

Cirrhosis of the liver as a sequela of malaria is rare in the southern 
states, and probably everywhere else where malaria is of the similar 
mild type, especially where there is sufficient intelligence to lead to con- 
siderable use of quinin. On the other hand, in the tropics, where many 
persons have chronic malaria and malaria cachexia for months and 
years, cirrhosis of the liver is said to be much more frequent. It seems 
reasonable that such would be the case. 

There is perhaps more or less nephritis during the acute stage of all 
pernicious cases of malaria. It is much more marked in the hemoglo- 
binuriec form, in which the nephritis is frequently sufficient to cause com- 
plete suppression of urine. The tendency is toward rapid recovery, but 
this is perhaps less frequent in the hemoglobinuric cases. In some in- 
stances it continues in a chronic form as a sequela of the disease. Amy- 
loid degeneration may also be a renal sequela. 

Neuritis and paraplegia have been attributed to malaria and may 
possibly sometimes be produced by it. It is more likely that in most 
instances they are simply associated conditions. Seven years ago the 
author observed a case of hemiparesis which occurred coincidentally 
with an acute attack of estivo-autumnal malaria. The hemiparesis 
cleared up in four or five days after the temperature returned to 
normal as a result of quinin. Most of the effects upon the nervous 
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system tend to rapidly clear up after quinin treatment is instituted, 
and they are not likely to remain as sequele. 

Amaurosis and blindness sometimes occur during attacks of malaria 
and remain indefinitely. There is some difference of opinion as to 
whether these are due to the effects of malaria or to the quinin treat- 
ment for the disease. There can be no question that quinin is, in certain 
rare instances, quite damaging to the optie nerve, producing endo- 
vasculitis of the nerve-vessels. There may be more or less permanent 
thickening and atrophy of the visual path. Davis*° says that “‘the 
original effect is upon the vasomotor centers, producing constriction 
of the vessels. Later the changes take place in the vessel walls.’’ ‘‘De- 
generative changes also have been noted in the ciliary ganglion. The 
drug seems to have a selective action upon this part of the nervous 
system.’’ In view of the fact that quinin is capable of producing a 
profound effect upon the nerve supply of the eye, it is difficult to de- 
termine whether the blindness following malaria is due to the malaria 
itself or to the quinin. The author has never seen a case of blindness 
following malaria whether treated with quinin or not. 

Herpes labialis and also herpes zoster frequently occur in malaria, 
but it would probably be better to speak of them as symptoms or com- 
plications than as sequel. 

Leukemia has been observed to follow malaria and has in some in- 
stances been thought to be caused by it. However, there are many 
eases of leukemia that certainly occur independently of malaria, and 
it is quite likely that in those cases following malaria the occurrence 
is simply a coincidence and that the leukemia is not a sequela. 

Postmalarial anemia is frequently considered a sequela of the disease. 
It is true that the anemia sometimes lasts for many weeks or months 
and sometimes for a considerable time after the patient has been dis- 
infected of malaria parasites. The anemia following attacks of malaria 
of moderate severity which has been properly treated rapidly clears 
up. However, in the chronic cases, and especially in those in which 
cachexia has developed, the restoration of the blood to normal is very 
slow. In such eases polychromatophilia and anisocytosis and stippling 
are often present for months after the patient has begun taking suffi- 
ciently large doses of quinin. Nucleated cells are also often present. 
In the author’s opinion the longer the duration of chronic malaria, 
the longer the time required for complete restoration of the blood. 

Cachezia 1s perhaps the most important sequela of malaria. It 
is not that it occurs so frequently, but that it is so important when it 
does occur. Acute cachexia can hardly be considered a sequela of ma- 
laria, but chronic cachexia, the usual form, is a sequela of chronic 
malaria. It is found where the severe forms of malaria are endemic 
and is almost always produced by estivo-autumnal infection. It is 
said to be much more common in the white race than in the negro, and 
also more frequent in males than in females. The following description 
of malarial cachexia is taken from Deaderick :° 
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‘*In this condition the parasites have obtained undisputed posses- 
sion of the host. The defensive forces have been completely conquered, 
the blood-making organs can no longer meet the demands made upon 
them, and toxins, unopposed, work changes, often irreparable, in im- 
portant organs. Cachexia has been classified as dry or humid, according 
to the absence or presence of anasarea, and as acute or chronic. Acute 
cachexia is characterized by a rapid onset and development of symp- 
toms, and usually follows acute malaria, occasionally after only one 
or two attacks. These cases are infrequent. Chronic cachexia, the 
usual form, is a sequela of chronic malaria. 

‘*Malarial cachexia is found where the severe forms of malaria are 
endemic. It may be stated as a general rule that the frequency of 
cachexia among the white race is an index of the prevalence of grave 
infections. It is much more common in the white race than in the negro. 
While negro children are not infrequently the subjects of malarial 
cachexia, it is much rarer in the adult negro. Of adults, males are more 
commonly cachectic than females ; among children the proportion is about 
even. The condition rarely develops in persons of the better class, but is 
seen in those living under improper hygienic conditions, who neglect 
the treatment of acute malaria. 

‘*Cases of cachexia developing without preceding malaria have been 
reported, but are subject to question. The malaria may have been un- 
recognized, as might happen with latent or masked infections. In re- 
gions where kala-azar is endemic it is only recently that this disease 
has been differentiated from malarial cachexia. Infections with the 
estivo-autumnal parasites are followed by cachexia much more frequently 
than tertian and quartan infections. 

‘“The eachectic usually presents a singular appearance. The emaci- 
ated limbs are in marked contrast to the big belly, and the features 
are aged beyond the years. The most pronounced phenomena are the 
anemia and the enlarged spleen. The red blood-cells may be reduced 
to seven or eight hundred thousand per cu.mm. The leukocytes are gen- 
erally normal in number or a little below. Numerous differential counts 
have shown a relative increase of the large mononuclear elements. The 
red cells may show basophil degeneration, polychromatophilia, poikilocy- 
tosis, and nuclei, but none of these changes are by any means constant. 
According to my experience parasites are rarely found in the peripheral 
blood. The spleen often extends to the umbilicus and to the crest of 
the ilium, sometimes beyond. It is usually hard and the anterior border 
presents a sharp edge. Pain and tenderness on pressure are not always 
felt. Occasionally a bruit is to be detected over the splenic area. 

‘‘The pulse is small, compressible, and may be irregular. Palpita- 
tion of the heart and hemorrhages, especially epistaxis, may occur. 
An anemic murmur over the precordia is often heard. Myocarditis 
and dilatation are not infrequent. The breath is short, sometimes 
amounting to actual dyspnea. A cough is common and signs of bron- 
chitis may be elicited. Pulmonary edema is a late symptom. 


‘‘The temperature may be normal or subnormal for long periods, 
VOL. ITI.—89. 
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though evening rises are often observed. Typic paroxysms are not fre- 
quent. Fever often follows imprudences. Whether the fever of cachexia 
is due directly to parasitic activity or to organic changes is not defi- 
nitely known. The appetite is generally poor and the digestion tardy. 
Epigastric pain, nausea, and vomiting may be complained of. The 
tongue and oral mucous membrane are pale. Diarrhea and dysentery 
frequently occur. Meteorism is common. The liver is usually somewhat 
enlarged at first; later it may become atrophic. Ascites is not a rare 
manifestation. When fever exists the urine is ordinarily seanty and 
highly colored. Delayed development of the genitals is common in the 
young and diminished sexual power is not rare in the adult. Indif- 
ference, intellectual torpor, somnolence, headache, and vertigo are ob- 
served in cachectics. Resistance to cold is lessened and rheumatic pains 
are experienced. The skin is pallid, dry, and rough, and may exhibit 
sores or purpuric spots. Anasarca may supervene.’’ 

Clinical Varieties —Many clinical varieties, or types, of malaria have 
been described. The classification is usually based upon more or less 
arbitrary lines and in many instances serves but little purpose. The 
symptoms that may be produced in different individuals by malaria 
infection of one kind or another are frequently so greatly altered by 
individual circumstances or conditions that each variety or type may 
quickly change into another. The most useful purpose which this clas- 
sification may serve is to indicate whether heroic treatment is urgent 
or whether the usual routine treatment is all that is necessary. Micro- 
scopic examination of the blood will determine this very much better 
than any clinical classification that can be made. This applies espe- 
cially to the question of whether quinin should be given intravenously 
or whether the case justifies waiting for the somewhat slower action 
of the drug given by mouth. Although such a classification may not 
be of great service, it will probably be well for us to discuss briefly 
some of the varieties or types. 

MALARIA INFECTION WITHOUT RECOGNIZABLE CLINICAL EVIDENCE OF 
Its PRESENCE.—If blood examination is made of all the individuals liv- 
ing in a community where malaria prevails, it is found that not only are 
malaria parasites found in those who have active malaria or who have 
had it during the few months previous, but that a good many others 
are infected who have not any recognized symptoms of the disease at 
the time of examination, and who have not had any for many months 
or years previous to the examination. Of the 6,664 persons found to be 
infected out of 31,459 examined in Bolivar County during 1916-17, 
44.91 per cent. had no recognized symptoms and had not had any during 
the twelve months previous to the blood examination. There is a great 
deal more malaria of this variety or type than is generally sup- 
posed. It is true that many of such infected individuals may carry their 
infection latent and at some later date develop a more active type. At 
the same time, many others, perhaps the majority, finally lose their 
infection without even having active malaria. 

CHILLS; CHILLS AND FEVER.—Paroxysms of intermittent malarial 
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fever are nearly always ushered in by a chill. This is especially true 
with older people and less so with children. The younger the child, 
the less likely it is to have recognized chills. Children less than two 
years of age seldom have them. Tertian malaria is much more uni- 
formly characterized by chills than either quartan or estivo-autumnal. 
Even tertian malaria, however, is not always accompanied by definite 
chills. In a region where there is a great deal of malaria many people 
speak of it as “‘the chills’’ and not as chills and fever. Although they 
always have fever following a chill, the fever is not as clearly recog- 
nized by laymen as the chill is. Chills, or chills and fever, do not occur 
in remittent malarial fever except perhaps at the beginning of the attack. 

INTERMITTENT MALARIAL FEVER.—Intermittent fever may be of the 
quotidian, tertian or quartan type, paroxysms occurring every day, every 
second day or every third day respectively. Quotidian fever may be 
caused by two crops of either tertian or estivo-autumnal or by three crops 
of quartan parasites segmenting on alternate days. Tertian fever may be 
caused by one crop of either tertian or estivo-autumnal parasites. 
Quartan fever is caused by one crop of quartan parasites. 

The fever lasts from an hour or two to several hours and may or 
may not be ushered in by a chill. The intermission in the quotidian 
type is usually considerably longer than the fever period. In the tertian 
type there is an intermission of more than one full day. In the quartan 
type there is an intermission of more than two full days. 

REMITTENT FEvER.—Remittent malarial fever is not as frequent as 
was formerly supposed. At one time many other diseases, like typhoid, 
paratyphoid and other infections, were classified as malarial remittent 
fever. In fact, unfortunately too much of this confusion occurs even 
at the present time. The increased use of laboratory diagnosis, how- 
ever, has very greatly reduced the frequency of this error. Remittent 
malarial fever does occur and may be produced by tertian, quartan or 
estivo-autumnal parasites. It is more likely to be produced by the 
estivo-autumnal, next by the quartan and least likely to be produced 
by the tertian form. The fact that the tendency of all malaria para- 
sites to reproduce by crops 1s less marked in the case of estivo-autumnal 
malaria than in other varieties is supposed to explain the greater fre- 
quency of remittent fever in estivo-autumnal infection. Remittent fever 
is frequently called bilious remittent fever whenever there are gastro- 
intestinal symptoms accompanied by the vomiting of more or less bile. 

ACUTE AND CHRONIC MALARIA.—To divide malaria into acute and 
chronic forms seems hardly necessary. Any case with acute clinical 
symptoms may be called acute. Those which remain infected but show 
few active symptoms may be called chronic cases. If there is sufficient 
reproduction of parasites to give rise to any considerable damage, such, 
for instance, as anemia, chronic enlarged spleen, or perhaps a moderately 
increased temperature, it would be especially appropriate to speak of 
such cases as chronic. There are many cases of this sort. 

MALARIA RELAPSE.—Persons who have attacks of malaria and who 
do not undergo sufficient treatment to destroy the infection frequently 
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have subsequent attacks from time to time, and these constitute malaria 
relapses. Approximately 50 per cent. of all the acute attacks of malaria 
that occur in a malarious region consist of malaria relapses and aot 
of new infections. 

BENIGN AND PERNICIOUS MaLARIA.—Whenever malaria is not suffi- 
ciently severe to destroy or threaten to destroy the life of the patient, 
it is usually spoken of as benign, but whenever it reaches a stage of 
great severity, it is usually spoken of as pernicious malaria. There 
are certain clinical types which are especially included under this head 
—the comatose type, the eclamptic type, the algid type and sometimes 
the bilious remittent type. They are nearly always produced by estivo- 
autumnal parasites. 

In the comatose type the patient has usually had several paroxysms, 
occurring in the course of recurring acute attacks or relapses, which 
have been improperly or insufficiently treated. Usually the patient is 
stricken rather suddenly with a severe paroxysm, perhaps ushered in 
by a chill, vomiting and rapidly developing unconsciousness. It may 
be mistaken for such conditions as apoplexy or sunstroke. The tem- 
perature is usually high, generally ranging between 103° and 106° F. 
(39.4° and 41.1° C.). There may be delirium for a time, giving way, 
however, to more or less complete coma. Unless prompt relief is obtained 
by the administration of quinin intravenously, death usually occurs. In 
other cases the patient may regain consciousness and go on to recovery. 

The eclamptic type is found especially in children. The patient is 
seized with violent pains in the back of the head, vomiting and eclamptie 
seizures. Profound coma usually supervenes, accompanied by very high 
fever. If such a case is not examined early and prompt treatment in- 
stituted, death may occur within a few hours. Blood examination shows 
enormous numbers of parasites present. 

In the algid type, there is profound prostration. The surface of 
the body is cold. A profuse, cold, clammy perspiration is present and 
the patient appears to be in a state of complete collapse. The tempera- 
ture is not high, as a rule, and in many instances it is subnormal. Un- 
less prompt relief by intravenous administration of quinin is afforded, 
death is likely to occur in a few hours. In many instances, the most 
heroic treatment fails to save the patient. Fortunately, it is not neces- 
sary that this type of the disease shculd develop.. It occurs only in 
individuals who have had repeated recurrences and is therefore always 
due to neglect of proper treatment of previous infections. 

In the bilious remittent type the patient is usually seized with 
uncontrollable vomiting and extreme prostration. Large quantities of 
bile are vomited and the fever usually runs a remittent but high course. 
Delirium or coma may supervene. 

Treatment.— PRopHYLAXIS.—1. General Prophylaxis—Under Gen- 
eral Prophylaxis will be discussed those measures which may be applied 
in a given locality or area, large or small, for the purpose of preventing 
malaria among the entire people. These measures are directed either 
against the malaria parasites or against the transmitter of them. If we 
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could entirely eliminate mosquitoes from any locality the transmission 
of malaria would at once cease. On the other hand, if we could destroy 
all the malaria parasites in a locality the transmission would cease, 
and not only would the transmission cease but there would be no more 
sickness from malaria. Malaria can be destroyed either in man or to 
some extent in the other host, mosquitoes. 

(a) Destruction of Malaria Parasites in Man— We may destroy the 
malaria parasites in the blood of a group of people either as the parasites 
are introduced into the blood or after infection and multiplication have 
taken place. The destruction of parasites by quinin immediately upon 
their introduction serves as a prophylactic measure so far as the indi- 
vidual is concerned and indirectly also as a prophylactic measure for 
the community. If we grant that proper doses of quinin taken at proper 
intervals will destroy malaria parasites as soon as they are injected into 
the blood by mosquitoes, we will also have to grant that if everybody 
in a given community would take quinin there would be no further 
transmission of the disease. 

The most extensive use of quinin prophylaxis for all people in the 
community has perhaps been made by the Italians, and as a result 
there has been a great reduction in the prevalence of the disease. Many 
students of malaria may not appreciate the important part played by 
quinin prophylaxis in the campaign against malaria in Ismailia. The 
author certainly did not realize this until recently when reviewing the 
literature on the subject, especially an article in the Annals of Tropical 
Medicine and Parasitology by Stephens,”* in which he gives more or less 
in detail the antimalaria measures carried out there by Ross, and the 
effects, resulting in the practical disappearance of malaria. So far as 
these details indicate, antilarval measures were not undertaken until 
after Major Ross’ visit in September, 1902, and therefore could not 
have affected the prevalence of malaria before 1903. In February, 1902, 
the entire personnel of the canal company was put on systematic pro- 
phylactiec quinin. It appears that only the workmen were required to 
take the quinin under supervision, but that it was optional with certain 
other employees. The number of cases of malaria fell from 476 in 190] 
to 85 in 1902, due apparently entirely to the quinin prophylaxis. 
Stephens says: ‘‘To what the extraordinary fall of 2,591 in 1900 to 
476 in 1901 is to be attributed is not clear. For although diagnoses 
made by the ‘sisters’ of the dispensary may not be accurate, yet if 
these 2,591 cases of ‘fever’ were not malaria, we are at a loss to what 
to ascribe them.’’ . . . ‘‘It should be added that quinin at this time was 
given by the ‘sisters’ to those who came to ask for it, but to what extent 
it was given, what effect it had, it is impossible to say, unless one accepts 
these figures as affording the answer.’’ 

(6) Quinin Prophylaxis for the Entire Population.—A considerable 
amount of educational work is necessary in order to induce an entire 
population to take quinin prophylactically. In fact, it is only where 
malaria is very prevalent and people can be forcibly impressed with 
the importance of preventing it that they can be induced to take quinin 


614 MALARIA 


for this purpose. It is one thing to persuade well people and those who 
have not had malaria and who, so far as they realize, are not likely to 
have it, to take quinin, and an entirely different thing to get those 
who already have malaria to take it for the purpose of disinfection. 
Where they are under suitable control, as for instance in the case of 
armies or groups of laborers, it may be practical to require all to take 
quinin, but with a free-living people who must first be convinced that 
they need it and whose coéperation must be secured by argument and 
publicity work, it is not to be expected that 100 per cent. of codperation 
ean be secured. Therefore 100 per cent. of prophylaxis could not be 
secured even if the remedy were perfect. There will be exceptional 
individuals who are antagonistic to any public move. There will be 
others who, on account of idiosyncrasy to quinin and on account of 
the discomfort it may produce in them, will fail to take it. There are 
still others who for various reasons may forget or neglect it. 

The success of quinin prophylaxis with a large group of individuals 
will depend very largely upon the personal equation or upon the ability 
of those who undertake it to carry it out. There are many individuals 
who have little ability to secure the codperation of the public in any 
move. There are others who would be able to obtain the confidence and 
cooperation of the same people. One who undertakes to carry out the 
administration of prophylactic quinin in a community should first be 
familiar with his subject. He should know what malaria is, and how it 
is carried from one individual to another, and he should also not have any 
doubt that the measures he is advocating will be successful if carried 
out. 

House to house visits and personal contact with the people are very 
necessary. The visits must be made at frequent intervals in order that 
the objections that arise in the case of different individuals from time 
to time may be met and explained away. This close personal touch with 
the people is also necessary in order to correct any erroneous reports 
or impressions that would otherwise influence some individuals to dis- 
continue their quinin treatment. In a group of people in a rural com- 
munity in Arkansas to whom Derivaux ”’ gave quinin either for prophy- 
lactic or sterilization purposes, only 17.64 per cent. took 100 per cent. 
of the treatment during the entire period. It is noteworthy, however, 
that 79.61 per cent. took over 50 per cent. of the quinin issued to them. 
It is very probable that in most instances, at least, those who took as 
much as 90 per cent. of their quinin would be disinfected or would be 
protected against malaria. This would therefore insure a high per cent. 
of protection. We must remember that in public health work it is not 
to be expected that 100 per cent. of results will be obtained except in 
special instances and when work is done on a limited scale. This is 
especially true where the success depends upon the codperation of the 
people themselves. 

The follow-up work in communities Nos. 24 and 25 in the author’s 
observations in Bolivar County showed that by repeated visits and by 
keeping in close touch with the people, about 85 per cent. can be induced 
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to take sufficient quinin to insure protection There will be some indi- 
viduals in every large group who will refuse to take quinin, no matter 
who works with them, and regardless of almost any other circumstances 
which may exist. 

Quinin prophylaxis depends upon the codperation of the people. As 
a matter of fact, success or failure depends not so much upon what quinin 
will do, as upon whether the codperation of the people can be secured 
to a sufficient extent to induce them to take enough of the drug to obtain 
the desired results. The writer believes that there is no question in the 
minds of those who are informed on the subject that if people will take 
quinin the transmission of malaria can be prevented. The practicability 
of quinin prophylaxis in rural communities or in different groups of peo- 
ple in different localities and different parts of the world depends very 
largely upon codperation. Among those people who, on account of lack 
of information or of prejudice against the use of quinin or for some 
other reason, are not inclined to take the drug, quinin prophylaxis is 
impractical. On the other hand, among people who have sufficient in- 
telligence to codperate and to appreciate the movement, quinin prophy- 
laxis will be successful in the hands of intelligent and competent 
workers. 

(c) Control of Malaria by Disinfection of Malaria Carriers.—Usually, 
whenever we speak of quinin prophylaxis we think of taking quinin to 
prevent infection. There is, however, a more practical and successful 
method of preventing the spread of malaria by the use of quinin than 
the one just described. That is, disinfecting infected persons. If we 
coulda disinfect every malaria carrier in a given locality so that there 
were no malaria parasites present, there naturally could be no further 
transmission of malaria in the community because there would be no 
malaria parasites to transmit, regardless of the number of mosquitoes 
that might be present. It is true that new cases might be introduced as 
a source of infection, but transmission from the new cases would be very 
slow, and if we could ever carry out antimalaria work by disinfecting 
malaria carriers with quinin to a sufficient extent to eliminate or practi- 
cally eliminate the disease, any new cases that occur would naturally 
receive proper and prompt treatment so as to destroy the parasites and 
prevent any considerable spread of the infection. In fact, the author 
believes that if the disease can be eliminated or practically eliminated 
from a country, no matter how malarious it is, by the general use of 
quinin for the disinfection of all infected persons, there need be no con- 
cern as to the subsequent spread of the disease. The population will have 
been so well informed and so convinced of the importance of quinin 
treatment by the experience and object lesson that any tendency to re- 
erudescence will take care of itself. Relapses may occasionally occur 
in individuals who take proper treatment, but if almost all the people in 
the community take quinin in proper form to disinfect themselves when- 
ever they have malaria, there can be no spread of any consequence. 

(d) Locating Infected Persons in a Commumty.—lIn order to locate 
all malaria carriers in a community, a malaria survey must be made, and 
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this must include, of course, everybody in the community. This survey 
should ascertain the history of recent attacks of malaria and should 
also include blood examinations of all who give negative histories. By 
the studies in Bolivar and Sunflower Counties it was found that in that 
region, which is supposed to be representative of the malaria section of 
the Southern States, at least 50 per cent. of all the attacks of malaria 
that occurred during a year were relapses from previous infections and 
that not more than 50 per cent. represented new infections. It was also 
found that people who had attacks of malaria during a given year were 
most likely to have attacks during the next year (these were, of course, 
largely relapses) and also that they were most likely to be malaria car- 
riers. Some of them were found upon examination not to have malaria 
parasites at all times. It was decided, however, that they should all be 
considered as malaria carriers or as probable malaria carriers and that 
unless they had had proper treatment, which seldom occurred, they 
should be given the necessary disinfecting treatment. 

All persons who have had an attack of malaria during the twelve 
months preceding examination should be treated. Usually there is not 
the slightest difficulty in inducing them to take quinin and to take it 
properly. As a rule they know they have had malaria, and are willing 
to take the proper treatment to get rid of it. Many of them think they 
still have it in their systems and are willing to take the proper treat- 
ment in order to eliminate it. 

Of those who give negative histories it is desirable to make a proper 
blood examination. As has been pointed out under Diagnosis, blood ex- 
amination does not find 100 per cent. of the infected people in a group, 
but it does find a large per cent. of them and especially those who have 
sufficient parasites to be a source of infection at the particular time. In 
the vast majority of cases the person who gives a negative history and 
also a negative blood examination, is either not infected at all or has 
sufficient resistance to throw off the infection without treatment. This 
is not always true, of course, but the tendency is in this direction, at 
least. Therefore, those who are carrying infection but who are over- 
looked by both the history and the blood examination are few in number 
and are least likely to be a source of spread of malaria later. 

Both those who give positive histories and those who are found posi- 
tive on blood examination should be given the quinin treatment neces- 
sary to disinfect them. Just what this treatment is and the reasons 
for the exact details will be dealt with more extensively under the head 
of Medicinal Treatment, but it consists of 10 grains (0.65 grams) of 
quinin daily for adults and a proportionate dose for children, for a 
period of eight weeks. The treatment disinfects more than 90 per cent. 
of those who take it. 

(e) Necessity of Issuing the Full Eight Weeks’ Treatment at One 
Tvme.—It is much better to issue the full eight weeks’ treatment at one 
time than it is to issue it in divided quantities. In the Mississippi Delta 
work the method was adopted of issuing bottles of 112 tablets to those 
who take tablets and eight ounce bottles of syrup of yerba santa con- 
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taining the necessary amount of quinin to those who take syrup. It is 
best to explain to the patient at once that it is necessary for him to take 
the entire treatment in order to be sure of eliminating the infection. If 
the entire treatment is not furnished at one time, it may happen that 
for some reason or other the part that is furnished will give out before 
the balance is supplied. Perhaps the most important reason for giving 
the full treatment at one time is to impress the patient that this 
is the minimum that is required to disinfect him, and to create the general 
impression among the people that in the future malaria must be treated 
by a full eight weeks’ treatment if disinfection is to be accomplished. 
Perhaps the greatest drawback to disinfection has been the insufficiency 
of the treatment employed. The treatment ordinarily prescribed by 
doctors does not disinfect the patient, largely because there is no definite 
fixed duration of treatment impressed upon the patient at the outset 
us being necessary. Many doctors simply prescribe sufficient treatment 
for a few days, and even although they intend to repeat or continue the 
treatment they fail to impress the patient with the absolute necessity 
for continuing it for a sufficient length of time. The patient feels well 
in a few days and does not see the necessity of taking quinin any longer 
and therefore, of course, discontinues it. On the other hand, if we issue 
the full treatment at once and at the time of furnishing it explain to 
the patient carefully and thoroughly that nothing short of the full 
eight weeks’ treatment is likely to be successful, we impress him and we 
are much more likely to have his codperation. 

(f) Intermittent versus Daily Quinn Treatment for Disinfecting 
Malaria Carriers——The advantages of the daily administration of quinin 
over intermittent treatment is discussed in detail on page 630. There are 
sufficient advantages in favor of it so that there is, in the author’s judg- 
ment, no question whatever that it is the proper treatment. It must be 
granted that if intermittent treatment is continued sufficiently long it 
may prevent relapses during the period of administration, but the author 
is quite convinced that the daily quinin treatment is much more efficient 
in disinfecting infected persons. He has come to this conclusion after 
considerable research and investigation and with reluctancy, after having 
once held the opposite view. At that time, however, his opinion was based 
more upon theoretical grounds than upon actual observation and re- 
search. 

In the ninth of a remarkable series of studies in the treatment of 
malaria recently published in the Annals of Tropical Medicine and 
Parasitology by Stephens and others,** the authors present experi- 
mental evidence which they conclude indicates that interrupted treat- 
ment is more efficient than continuous treatment. They compared the 
effect of 30 grains (1.95 grams) of quinin daily with that of 30 grains 
(1.95 grams) on two consecutive days weekly for a period of eight weeks, 
and also that of 45 grains (2.925 grams) daily with that of 45 grains 
(2.925 grams) on two consecutive days weekly for eight weeks. The 
number of cases was small, but their conclusions were that interrupted 
treatment gave by far the best results. There are so many unusual and 
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unexpected conclusions in this series of experiments that the author 
feels himself obliged to await further confirmation before advocating 
their general adoption. He confesses that the experience of these writers 
with malaria relapse has been so different from his own observations 
and those of others with whom he has talked that he feels that it is best 
to withhold judgment until the results are confirmed by other investi- 
gators. Even though it may be possible that 45 grains (2.925 grams) of 
quinin on two successive days are effective in preventing malaria, it 1s 
very certain that this amount of quinin cannot be given to infected 
people in a community to a sufficient extent to result in any great amount 
of malaria control. People who are up and about cannot take 45 grains 
(2.925 grams) of quinin a day without a great deal of discomfort. Many 
laborers cannot work in fields or elsewhere while they are under the 
influence of this amount of quinin. On the other hand, almost any per- 
son can continue work while under the influence of 10 grains (0.65 gram) 
of quinin. 

A very important advantage that the daily administration of quinin 
has over the intermittent is that the treatment is less likely to be for- 
gotten and neglected. Those who take a dose of quinin every night be- 
fore retiring soon establish the habit of taking it and are less likely to 
forget and to neglect it than those who try to take it on one or two days 
a week, 

(g) The Extent of Malaria Control That Can Be Accomplished by 
Disinfecting Infected Persons.—In the experimental treatment of the in- 
fected among 31,459 persons in Bolivar County during the years 1916 and 
1917, there appeared a reduction, as indicated by reéxamination of the 
blood, of 35.52 per cent. This includes all of the experimental groups, 
some of whom were treated in a manner that, it is now known, could 
not have greatly reduced their malaria. In one community in which 
a reéxamination was made exactly twelve months from the time the first 
examination was made and treatment was furnished, the second 
examination showed a reduction of 83.32 per cent. in the amount of 
infection. In Sunflower County during 1918 this method of malaria 
control by disinfecting malaria carriers was carried out under more 
ideal conditions and more as a demonstration than as an experiment. In 
the second community examined, in which 432 were surveyed and treated 
in 1918, a resurvey in 1919, exactly twelve months from the previous 
one, shows a reduction of 95 per cent. in the prevalence of malaria 
during the twelve months following the treatment as compared with 
the preceding twelve months. This is based upon the histories of attacks 
of malaria. The work here shows that it is possible to prevent the trans- 
mission of malaria in a given locality or area by disinfecting infected 
persons, and also that it is possible to induce the class of people living 
in the Mississippi Delta region to take the necessary quinin to disinfect 
themselves. 

(h) General Mosquito Control Measures——Mosquitoes are to be con- 
trolled almost entirely by preventing the development of larve, or by 
what would properly he called antilarval measures. 
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(1) Elimination of Breeding-places.—Mosquitoes spend the larval 
stage in water. If there is no water suitable for Anopheles to breed in, 
there is no development of Anopheles larve. Anopheles breeding-places 
can be eliminated either by filling so that water does not stand at all, or 
by drainage. Artificial containers sometimes serve as breeding-places 
and should therefore receive attention. The drainage of mosquito breed- 
ing-places will depend very largely upon the particular locality. The 
most practical method of draining should be followed in each instance. 
Generally speaking, either filling or permanent drainage construction 
is to be recommended. Temporary work soon loses its effectiveness 
unless constantly cared for, whereas permanent work, especially filling, 
when once properly done requires no further attention. 

(2) Oiling and Poisoning.—In those collections of water that can- 
not be filled or drained, oiling may be resorted to. It should always 
be done with the knowledge that it is a temporary measure. The best 
method of applying oil is by means of sawdust saturated in the oil. 
Usually a mixture of about equal parts of erude petroleum oil and 
kerosene is most satisfactory. Sawdust soaked in this way may be car- 
ried by means of buckets or other containers and scattered, especially at 
the edges of breeding pools. The sawdust continues to set the oil free 
for some time after it is put into the water and it is a much more satis- 
factory method of ensuring a proper spread than the spray pump or other 
means. To be of service the film of oil must entirely cover the area in 
which the larve are to be killed. It kills them by suffocation. They 
are not able to project their breathing tubes through the thin film of oil 
on the water. 

Poisoning by means of different larvacides and sometimes by waste 
from manufacturing establishments like, for instance, niter cake, is 
also successful. It is very limited in its application, however, because 
of the danger of poisoning animals and possibly human beings. An- 
other serious objection to any other kind of poisoning is that it kills 
the predatory insects and also the fish which destroy larve. As long 
as the water remains poisoned, it of course makes little difference if all 
fish and predatory insects are killed, but as soon as it is replaced by 
fresh water, or when the poison in the water is removed or neutralized, 
there is a more favorable breeding-place than ever. Pools of water 
that can be stocked with fish may he kept free of larve in this way. 
The pool must be kept clear of floatage, trash and débris and also of 
weeds, if the fish are to destroy the larve. 

Collections of water that cannot be drained or oiled effectively can 
be kept free of larve by thoroughly and frequently cleaning them of dé- 
bris and floatage and also by keeping the banks perfectly clean. 

(3) Clearing.—Anopheles larve breed most freely in collections of 
water that are more or less covered by vegetation such as grass, weeds, 
trees, etc. Not only are such collections more suitable for breeding, 
but the adult mosquitoes are protected from their enemies by the vege- 
tation. Clearing the land of vegetation, especially of trees, is a very 
important factor in the control of Anopheles. In a large part of the ma- 


620 MALARIA 


laria section of this country there are many bayous, ponds and streams 
in which mosquitoes breed in large numbers. These are usually un- 
cleared. The custom is to clear the high ground for cultivation or 
other developments but to leave the low ground of these places un- 
cleared. Anopheles come out from such swamps or weeds to attack 
their victims and then return to the swamp for protection and also to 
breed. A very important factor in malaria control is clearing and then 
pasturing the land bordering the bayous, lakes and streams. Usually 
it makes excellent pasturage. The author believes that he can say with 
perfect confidence that if the bayous and streams of Sunflower County, 
one of the heavily infected counties of the Mississippi Delta, were all 
cleared and well pastured, malaria would practically disappear from the 
country and a considerable profit would also result from the use of these 
pastures. 

During the past few years a number of demonstrations in malaria 
control by antimosquito measures have been made by the United States 
Public Health Service and by others. A recent report of malaria con- 
trol at Hamburg, Arkansas, by Taylor ** is illustrative of what can be 
done by a concentrated effort in mosquito control. In this instance no 
major operations were undertaken or necessary. Proper draining of 
ditches, filling of unnecessary pools, etc., were carried out. The results 
of the work are strikingly shown in the accompanying chart (Fig. 16). 
The per capita cost of this work was $1.45. 

The most extensive malaria control work ever carried out has re- 
cently been done by the United States Public Health Service in the 
extracantonment zones in fifteen different states in the United States. 
LePrince > stated that the entire area in which Anopheles control had 
been accomplished was over twelve hundred square miles. ‘‘ Where 
cantonments have been located in notoriously malarious sections very 
little malaria has been contracted by enlisted men, and the malaria sick 
rate among enlisted men in camp has been very much lower than it would 
have been had they stayed at home. The commanding medical officers 
at the cantonments report mosquitoes as being scarce at nearly all camps, 
and Anopheles as being seldom seen, except at two of the aviation camps 
near rice field areas.’’ The cost of drainage, oiling, supervision, equip- 
ment and transportation averaged about $1.80 per acre of territory 
controlled. 

There is no longer any question as to whether malaria can be con- 
trolled in this way. The question is whether people desire to do it. 
With sufficient funds and the desire, there is nothing to prevent practi- 
eal elimination of Anopheles and incidentally of malaria from almost 
any locality. 

2. Indiwidual Prophylazis—An individual may protect himself 
against malaria infection either by not allowing the parasites to be 
introduced into his blood or by killing them as they are introduced. 

Protection against infection may be summarized as protection against 
the bites of infected mosquitoes. An individual’s chief interest should 
be to avoid being bitten by mosquitoes that may be infected, but he 
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may also indirectly, for his own protection, control the number of in- 
fected mosquitoes that are in his immediate surroundings. For instance, 
if an individual is a member of a family or of a household or group of 
people among whom there are one or more persons who have malaria, 
he can contribute very largely to his own protection by influencing those 
who are infected to disinfect themselves. This will be explained more 
in detail in another part of this article. The malaria-bearing mosquitoes 
that become infected in a given house tend to return to the same house 
and to infect others there instead of going to other buildings. There- 
fore, whenever one is living with a group of people, in a malarious 
section, he should exert any influence he has to induce every person who 
has malaria to take proper quinin treatment. A man who is familiar with 
the treatment necessary to disinfect infected persons and can impress 
others with its necessity has a valuable means of reducing the danger 
of infection to himself. 

In addition to this, he should also encourage in any way that he can 
the proper protection of known malaria carriers from mosquito bites 
until they are disinfected. It is of great importance that malaria car- 
riers in a given group of people should be protected against mosquito 
bites. Since the Anopheles feed especially at night, the chief protec- 
tion needed is during the night. Sleeping in well screened rooms and also 
under well arranged mosquito nets becomes therefore of great impor- 
tance. The length of time that a malaria carrier. is likely to remain 
a potential source of infection while taking proper treatment varies very 
greatly in different individuals. In the majority of cases of simple 
tertian infection the gametes disappear from the peripheral blood very 
quickly, so that they would not be a source of infection to mosquitoes. 
Even 10) grains (0.65 grams) of quinin daily usually cause them to dis- 
appear in two or three days. The gametes of quartan malaria are very 
little more resistant to quinin. On the other hand, the crescents of 
estivo-autumnal infection are frequently present in sufficient numbers 
to produce mosquito infection for at least two or three weeks, although 
in a majority of instances they disappear in a few days. Since we 
have no way of knowing who the exceptional cases will be and since in 
many instances it is not known which variety of parasites is present, 
the safest thing is for all persons known to be infected with malaria to 
be especially protected from mosquito bites for a period of at least two 
or three weeks. 

In at least three cases Darling ** observed the presence of crescents 
in sufficient numbers to produce infection while the patients were taking 
two grains (0.65 gram) of quinin t.1.d. for a period of twelve days or 
more, 

Protecting oneself against the bites of mosquitoes is more direct and 
effective personal prophylaxis. In intensive malarious sections it is al- 
most impossible to so thoroughly screen out mosquitoes from residences 
as to furnish absolute protection. Unless, however, Anopheles are very 
abundant and there is a great deal of malaria present in a locality, one 
may protect himself by staying in well-screened houses during the 
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Anopheles biting time. Although under exceptional circumstances 
Anopheles will bite during the day, they bite so much less frequently 
then than they do at night that practically all the transmission of ma- 
laria takes place at night and there is extremely little danger during 
the daytime. One should protect oneself from sunset to sunrise and 
need not fear infection during the day. Not only is it necessary to have 
the living and sleeping quarters well screened, but one must avoid going 
out, especially to other residences and to other places where infected 
people have been and where there are likely to be infected mosquitoes 
present. Public gatherings at night are especially likely to be a seurce 
of infection. To protect one’s self, it is necessary to keep one’s quarters 
well screened and to stay behind the screens during the proper hours. 
Whenever an individual deviates from this rule, he reduces his chances 
of avoiding infection to a corresponding extent. 

Individuals may protect themselves to a greater or lesser extent by 
sleeping under well arranged and efficient mosquito nets, even though 
they are obliged to sleep in houses or camps in which there are infected 
mosquitoes. A large part of the infection with malaria takes place while 
the victim is asleep. Bed nets should be used in all instances where 
the screening of the house is not thorough and well maintained. 

Quinin Prophylaxis——There has been great difference of opinion ex- 
pressed as to the value of quinin prophylaxis. Many observers have 
obtained almost 100 per cent. of efficiency from this means alone, whereas 
others have claimed to observe frequent failure or poor results from 
quinin. The best information that the author can obtain from reading 
the literature on the subject is that in the vast majority of cases where 
results have been unsatisfactory or imperfect, the fault has lain chiefly 
with the method of prophylactic treatment. Frequently, also, the state- 
ments of unsatisfactory results are made without care and accuracy. It 
often occurs that an observer states that he gave quinin to everybody in 
a given group of people and that in spite of this much malaria developed. 
Upon further reading it is often found that the dose employed was in- 
sufficient or that the treatment was not systematically administered. In 
a community where a large part of all the population are infected with 
malaria, quinin prophylaxis would certainly not be successful to the 
same extent as it would where there is less malaria. Just as soon as an 
individual stops taking quinin for a few days he 1s just as susceptible 
to infection as if no quinin had ever been taken. 

Quinin destroys the malaria parasites whenever they are introduced 
into the blood, provided only the drug 1s present in the blood at the 
time they are introduced or soon thereafter in sufficient concentration. 
Since exposure occurs every day, a person is likely to be infected any 
day. In order to kill the parasites before they have had time to develop 
and multiply it is necessary to have sufficient quinin in the blood at all 
times to kill parasites. If, for instance, an individual takes quinin 
to-day, after a couple of days the dose taken has been eliminated, and 
he can be infected by the bites of infected mosquitoes just the same 
as if he had not taken any quinin at all. If he should wait several 
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days before taking another dose of quinin, any infection that took place 
in the interim between the days on which he took quinin and had suffi- 
cient in his blood to destroy the parasites, would result not only in in- 
fection, but in a multiplication of the parasites. They would multiply 
and become established in those tissues and parts of the body in which 
parasites are more or less protected from the action of quinin. The 
taking of quinin at intervals of several days, therefore, could certainly 
not lead to the same protection as taking quinin daily would. And yet 
intermittent administration has been advised by a great many authori- 
ties on the subject. The method of large doses given at considerable 
intervals was canonized by Koch. His method consisted in giving 16 
grains (1.040 grams) of quinin daily every ninth and tenth day or 
every eighth and ninth day, or even every seventh and eighth day if 
malaria be very prevalent. There have been various modifications of 
this method. 

The Italian method of administering quinin for prophylaxis is by 
daily doses and Celli?’ gives the following table of the results of its 
general use in this way, showing the reduction in the cases of malaria 
in the Italian army: 


Taste 5.—RESULTS OF QUININ PROPHYLAXIS IN THE ITALIAN ARMY. (Celli.) 


Year reel es Recidivates | Primitives Observations 
Per cent. Per cent. Per cent. 

1902 199,253 27 .44 21.41 6.03 

1903 206,468 24.14 17.85 6.28 Begun quinin pro- 
phylaxis. 

1904 210,637 19.21 12.71 6.50 Continued quinin 
prophylaxis. 

1905* 218,409 21.52 13.04 8.48 Oo. 

1906 211,245 18.99 12.67 6.32 Quinin prophylaxis 
extended. 

1907 202,320 12.46 7.96 4.50 Do. 

1908 216,679 8.04 5.19 2.85 Do. 

1909 228,951 6.96 4.72 2.24 Do. 

1910 234,104 5.10 3.23 1.87 Do. 

1911 233,517 4.90 3.04 1.86 Do. 


Fe ee 


* Year of periodical recrudescence of the epidemic. 


The reduction of malaria as a result of this quinin prophylaxis is 
shown on the following page in Table 6, which gives the new cases in 
the hospital of Taranto. . 

The author regrets that he is not able to obtain the data to bring these 
tables up to date. The evidence, however, is sufficient to show con- 
elusively that quinin prophylaxis has a great effect in reducing the 
prevalence of malaria in a group of people, and therefore that it has a 
similar effect in preventing the disease in individuals. 

In the Bolivar County experiments all the people living in each of 
two communities, containing a total of 1,657 people, were subjected to 
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Caste 6.—Resvuits or Quintin PropuyLaxis IN THE HosprraL or TARANTO. 





New Cases 
Year SE EEEEEERET See Observations 
Per cent 

Total of men 
LQOOS sre conse acs ora oeie Bkaaeeeeds 193 20.19 
sa wh cht ak ie toa ta tere aia atte 130 13.19 
LOO 2 Gish Site aa aed e aaeeos 35 14.64 ; 
NOS ik bats pia ao 8h eo. ets 81 8.33 {Begun quinin prophylaxis. 
OO 5 8h sent kA Ray Be rk anh ee Rathgael 89 9.65 Do. 
DOOD icine ee white ett Ba eect 107 10.09 |General quinin prophylaxis. 
0G fire Ps oa ith baa owen hiee de 72 7.00 Do. 
NOE ii tite ds ob he ak een tn Gast 74 6.75 Do. 
TQS a iorics varius etree tn Boson lent a Bort eas ero © 46 3.94 Do. 
L000 ns olive Site. ens eae eaeae 23 1.25 Do. 
BOL x, Sie dice ettawe eegtasars. ain anaes 13 75 Yo. 
DOT do 88 Sacto S aerate wing aes 21 .96 Do. 


* Year of periodical recrudescence of the epidemic. 


daily quinin prophylaxis. The dose was 5 grains (0.324 gram) for 
adults and 4 grain (0.016 gram) for each year of age for children. 
This was kept up for from three to five months. During that period 
there was great reduction in the prevalence of malaria, but a number of 
eases of malaria occurred in persons who had previously had attacks. 
The author was quite convinced that the dose employed, namely 5 grains 
(0.324 gram) a day, was not sufficient to prevent recurrences in every 
instance, 1.e., not sufficient to prevent recurrences of attacks in some of 
the malaria carriers. The author’s opinion now is that the dose of 
quinin necessary to protect against malaria infection is exactly that 
necessary to disinfect an individual after clinical symptoms have been 
relieved by treatment, that is, 10 grains (0.65 gram) for adults and 
corresponding doses for children. He does not believe that there should 
be any difference made between the dose taken to prevent infection and 
that taken to disinfect infected individuals. Therefore the author’s 
opinion is that by taking 10 grains (0.65 gram) of quinin daily an 
individual may obtain almost absolute protection as long as treatment 
Is continued. This dose should be taken at night before retiring, as in the 
treatment for disinfection of carriers. The proportionate dose for chil- 
dren is as follows: under one year, 14, grain (0.0324 gram); one year, 
1 grain (0.065 gram) ; two years, 2 grains (0.13 gram); three and four 
years, 3 grains (0.195 gram) ; five, six and seven years, 4 grains (0.260 
gram); eight, nine and ten years, 6 grains (0.40 gram) ; eleven, twelve, 
thirteen and fourteen years, 8 grains (0.52 gram); fifteen years or 
older, 10 grains (0.65 gram). The form is exactly the same as that 
used to disinfect infected persons: that is, tablets for those taking 6, 8 
and 10 grain doses and quinin suspended in aromatic syrup of yerba 
santa for those taking 14, 1, 2, 3 and 4 grain doses. 

Possible Harmful Effect of Long-continued Taking of Quinin—In 
many instances quinin has been kept up for several months, and when 
it is given in small doses of 10 or 20 grains (0.65 or 1.30 grams) a day 
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no untoward effects have been observed. Bates ?* cites a case in which 
a patient who was accidentally overlooked took 30 grains (1.95 grams) 
of quinin a day for a period of seven months, in which time no ill effects 
could be noticed. The patient stated that ‘‘he had long since ceased 
to be troubled by ringing in the ears or other unpleasant symptoms.’’ 
Bates states that it was not uncommon for patients to take 30 grains 
(1.95 grams) of quinin a day for two or three months and that in these 
cases no apparent ill effect from the drug was observed. In the light 
of the many and almost uniformly favorable reports in the Jiterature that 
quinin in reasonable doses is practically never harmful, and in view of 
the author’s own observation and experience, he has no hesitancy in 
advising the use of 10 grains (0.65 gram) of quinin daily for months 
or even for years as a prophylactic against malaria, whenever neces- 
sary. Not only is this advice given, but the further counsel is added that 
barring extremely rare exceptions it will prove efficient, and that one 
who is obliged to do so may travel and live in malarious regions without 
danger if he will simply take the proper amount of quinin. Not only 
is this so, but in those instances where it is necessary to send armies 
or groups of laborers or others into malarious regions for different pur- 
poses, it is perfectly practicable and feasible to prevent the havoe that 
would otherwise be wrought by malaria by systematically giving quinin. 
Any individual who cares to protect himself may do so in this way. 
GENERAL MANAGEMENT.—The general management of cases of mala- 
rial fever is not different from the management of other fevers. The 
patient should be put to bed and should remain in bed for from forty- 
eight to seventy-two hours. In the pernicious cases, of course, the period 
in bed should be longer than this. The bowels should be emptied, prefer- 
ably with a purgative, although enemata may serve the purpose. In all 
severe cases, especially in children, it is of great importance at first to 
wash out the bowels and also to give a purgative as soon as it can be 
done. Some believe that simple saline purgatives are as good as any, 
but others strongly advocate the use of calomel. In the author’s judg- 
ment, in every case in which the diagnosis of malaria is reasonably cer- 
tain, calomel should be given, followed in a few hours by the saline. 
There is every reason for the belief that calomel is superior to any other 
purgative in malaria. Although the author strongly advocates the use 
of a purgative, calomel by preference, at the beginning of. all cases of 
acute malaria, be wishes to be clearly understood as opposing any delay 
in the administration of the specific drug, quinin, while waiting for the 
action of calomel or other medicine. Quinin is always to be begun 
in malaria as soon as the diagnosis is made, and it can be given. The 
serious mistake is often made of giving calomel or some other purgative 
and waiting for it to act before starting the quinin. This is not only a 
serious mistake, but in the case of pernicious malaria, it may frequently 
result in the death of a patient who could otherwise have been saved. 
An instruction frequently given by physicians who visit malaria pa- 
tients is to give a purgative, wait until it acts and then begin quinin. 
If, for some reason or other, the purgative is slow to act there may be 
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a delay of several hours or even of a day or two before the patient is 
given the life-saving specific remedy, all this time having been lost in 
waiting for the action of other drugs that have no specific action. 

After the acute attack of malaria has passed and the temperature 
has returned to normal, the patient may be allowed to get out of bed 
and, as soon as he 1s strong enough, to resume his usual occupation. It 
is not necessary to keep patients in a hospital or at rest while conva- 
lescing from malaria, except of course following severe or pernicious 
attacks. In such instances the condition of the patient will indicate 
when he is able to resume work. The important thing is to give proper 
instruction as to quinin treatment before discharging the patient from 
the hospital, or allowing him to leave his bed. 

It is very important that all malaria patients should sleep in well- 
screened houses or under suitable bed nets, or both, in order to keep 
out mosquitoes. 

Diet.—In acute malaria the first thing to do is to empty the alimen- 
tary canal and at the same time administer quinin. The second impor- 
tant thing is to avoid a heavy diet of any kind. Generally the diet 
should consist of liquids for a day or two, or even longer in pernicious 
cases. During convalescence and the period of treatment necessary for 
disinfection, the patient should have the usual diet but should avoid 
overeating and especially refrain from eating large quantities of indi- 
gestible food. In regions where malaria is very prevalent, there is a 
common belief that such things as muscadines, unripe watermelons and 
green fruit will cause chills and fever. They do not actually cause chills 
and fever, but they do precipitate attacks in people who are already in- 
fected. They favor the development of malaria parasites and the pro- 
duction of clinical attacks and should therefore always be avoided by 
those who are known to be infected. 

CLIMATOLOGY.—A climate which favors the production of Anopheles 
mosquitoes favors the spread of malaria. Great variation in the tem- 
perature, especially if changes are sudden, tends to produce attacks 
in people who are already infected. Sudden chilling of the surface of 
the body by getting wet while hot, etce., tends to produce attacks in those 
who are already infected and to make the disease worse in those who 
are having clinical symptoms. Regardless of these facts, it 1s not neces- 
sary for any person to leave a malarious country in order to get rid of 
malaria infection nor to go to a high, dry climate to recover from malaria. 
Given proper specific treatment, one should be able to recover from 
malaria in the most intensely malarious spot in the world. 

Climate, or at least elevation, seems to have some effect upon the 
development of clinical symptoms and upon recovery from an attack. 
It frequently occurs that persons who have gone for months and per- 
haps for years without having attacks while living in a low, warm, mala- 
rious region soon develop a chill or an acute attack of malaria when they 
go to a higher altitude. Usually, also, the chill that occurs under these 
circumstances is more severe than previous ones have been. A few days 
of treatment give prompt relief, and it is noteworthy that many such 
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persons lose their infection without continuing treatment for any great 
length of time. Although as indicated a moment ago, resort to special 
localities and climate is not necessary in any case, it is a fact that pa- 
tients are usually cured of their malaria more rapidly in high altitudes 
than in lower ones. 

LocaL TREATMENT.—There is no local treatment indicated for ma- 
laria except perhaps for the chronic enlarged spleen of long duration, 
in which counter-irritation by means of red iodid of mercury ointment 
has been recommended. The author is frankly of the opinion that ex- 
perimenting with such methods tends to cause neglect of the specific 
remedy, and that it should perhaps never be resorted to. There is 
great doubt whether it has any efficiency whatever. 

TREATMENT OF SYMPTOMS.—The fever is sometimes sufficiently high, 
104° to 10614° F. (40° to 41.4° C.), and the headache and suffering 
so great as to justify and demand treatment to relieve them. The coal tar 
preparations are useful, and although there is considerable objection 
raised to their use, the harm or possible harm is certainly overbalanced 
by the relief they afford the patient. It is not necessary that large or 
objectionable doses should be given. 

The nausea and vomiting that occur with acute attacks of malaria 
are best relieved by calomel. In the pernicious cases, especially in those 
of children who have convulsions, reducing the temperature by baths and 
cold enemata is indicated. 

SPECIFIC THERAPY (VACCINES AND SERUMS).—There is no excuse nor 
scientific basis for using or trying to use vaccines or serums in the treat- 
ment of malaria. : 

MEDICINAL TREATMENT: Drucs.—Malaria is one of the diseases for 
which we possess a specific. All that is required to obtain 100 per cent. 
of results is the proper use of quinin. Barring moribund cases or those 
in which too much damage has already been done, there are practically 
no exceptions. There are as many methods of treating malaria as there 
are authors who have written on the subject. No endeavor will be made 
here to describe the methods that have been advocated by different au- 
thorities, but the author will give what in his judgment is the most 
practical and correct treatment, based upon a study of the treatment 
advised by different authorities and also upon rather wide experience 
and opportunity for observation. 

(1) Dosage-——The dose of quinin used in the treatment of malaria 
should be sufficient to kill the malaria parasites in the blood without in- 
juring the patient. There are parasites lodged in the organs and tis- 
sues of the body which are entirely out of reach of quinin for the time 
being, no matter how large the dose may be. All that we can hope for 
is to kill the parasites that are in the free circulating blood, and we 
ean really only hope to kill the asexual parasites at that. Ten grains 
(0.65 gram) of quinin are sufficient to destroy the parasites that are 
present in the blood during the time that the maximum concentration 
of quinin is present. Five grains (0.324 gram) are not sufficient. Much 
larger doses than 10 grains are no more efficient. The larger the dose of 
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quinin, the more discomfort produced. Some people can take 30 or 40 
grains (1.95 or 2.60 grams) of quinin during a day without great 
discomfort and some can even take as much as 90 or 100 grains (5.85 or 
6.50 grams). Few people are made very uncomfortable by 10, 20 or 
30 grains of quinin per day, especially while they are in bed or at rest. 
The author’s own feeling is that 10 grains of quinin is the proper dose 
for adults and that it should be repeated as often as necessary to obtain 
the proper amount of quinin during a twenty-four hour period. He does 
not believe that 10 grains should be exceeded at any time. This is espe- 
clally true of intravenous administration, as well as of administration 
by mouth. If there is ever any reason for the use of quinin intramuscu- 
larly, the dose should not exceed 10 grains. It may be repeated as fre- 
quently as is necessary to administer the required quantity. 

(a) Proportionate Dose for Children.—It is usually said that chil- 
dren can take quinin better than adults and that they should have pro- 
portionately larger doses. In a large series of experimental treatments 
of malaria to disinfect malaria carriers in our Bolivar County work we 
gave 14, grain (0.0324 gram) for each year of age up to twenty years 
and then the 10 grain (0.65 gram) dose. An analysis of results from 
this treatment showed that there had not been the same proportion of 
disinfection in children as in adults. From the data in hand we were 
able to calculate what dose would be required to disinfect as large a 
per cent. of children as were disinfected by 10 grains in adults. That 
is as follows: under one year, 14 grain (0.0324 gram) ; one year, 1 grain 
(0.065 gram) ; two years, 2 grains (0.13 gram) ; three and four years, 3 
rains (0.195 gram); five, six and seven years, 4 grains (0.260 gram) ; 
eight, nine, and ten years, 6 grains (0.40 gram); eleven, twelve, thir- 
teen and fourteen years, 8 grains (0.52 gram) ; fifteen years or older, 10 
grains (0.65 gram). 

(2) Mode of Administration—Barring pernicious cases in which 
there is reason to believe that the patient’s life depends upon getting 
quinin into the blood stream at the very earliest possible moment, quinin 
should always be given by mouth. It is slowly absorbed, the maximum 
quantity reaching the blood stream in about eighteen hours, but a con- 
siderable concentration is present in two hours after its administration. 

In pernicious cases where it is thought necessary that the quinin 
should reach the blood stream at once, intravenous administration may 
be a life-saving measure. In that instance, not exceeding 10 grains of 
bimuriate of quinin dissolved in not less than 20 c.c. of normal salt 
solution should be administered at once. A large, all glass syringe is the 
proper apparatus for this purpose. One who is competent can give the 
injection in this way almost as easily as hypodermically. Intravenous 
administration of any drug, especially quinin, is quite a formidable pro- 
cedure and should never be resorted to except where it is absolutely 
demanded. There is no excuse for the administration of quinin in- 
travenously for the routine treatment of ordinary malaria, and the use 
of this method for this purpose can only be condemned. 

(3) Time of Administration—Different authors have advocated the 
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administration of quinin at certain times, with special reference to the 
occurrence of chills. The advice is wrong. The time to begin administer- 
ing quinin for malaria is promptly after the diagnosis has been made. As 
soon as the physician knows that he is dealing with a case of malaria 
nothing should prevent beginning the use of quinin at once. [le should 
not wait for the action of a purgative, nor for the fever to go down. He 
should not wait for a certain time preceding the next paroxysm, but 
should begin quinin at once. In treating acute attacks of malaria 
about one dose every eight hours should be given for the first three 
or four days without regard to anything except the object of adminis- 
tering the desired amount during the twenty-four hour period. Thirty 
grains (1.95 grams) during twenty-four hours is sufficient for all 
cases, barring perhaps extremely rare pernicious cases. In pernicious 
cases it is proper to give a dose of quinin intravenously and to repeat 
the dose every two or three hours until 30 grains have been adminis- 
tered. Not a single dose, however, should be given intravenously after 
the patient is able to take quinin by mouth. In the most severe per- 
nicious cases not more than two or three doses should be given intraven- 
ously at the short intervals of two or three hours. After that it should 
certainly not be repeated oftener than every eight hours. It should be 
remembered that the most lasting and dependable way of administering 
quinin is by mouth. 

After the first three or four days of 30 grains of quinin a day for 
acute attacks, the patient should be given one dose at night before re- 
tiring. Since treatment must be kept up for a period of at least eight 
weeks, it is desirable that it should be convenient and produce the 
minimum amount of discomfort. There is much more discomfort pro- 
duced when the patient is up and about than when the patient is at 
rest. A dose of quinin taken at night does not produce as much dis- 
comfort, in active patients, as a dose taken in the morning. It is much 
more likely to be remembered and taken at night than at other times of 
the day. 

(4) Frequency of Adminstration.—To insure ample concentration 
of quinin in the blood stream to kill all parasites in the circulation dur- 
ing the acute stage, it should be administered as often as once every 
eight hours, but after the acute symptoms have passed it is not neces- 
sary to administer more than one dose per day for final disinfection. 
The drug being slowly absorbed and slowly eliminated, especially in pa- 
tients whose bowel actions are normal, a sufficient concentration is 
oresent in the blood at all times to destroy parasites if one dose a day 
is taken. 

(5) Duration of Treatment.—Some people are disinfected of malaria 
parasites by taking quinin for only a few days. A larger per cent. 
are disinfected by taking it for two weeks. A still larger number, per- 
haps about 60 per cent., require four weeks’ treatment. The best in- 
formation the author can obtain indicates that more than 90 per cent. 
are disinfected by taking quinin systematically for a period of eight 
weeks. It would probably take between three and four months to dis- 
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infect 100 per cent. With these facts before us, it is very apparent that 
we must strike some middle ground between a very short period of treat- 
ment, in which only a small per cent. are disinfected, and the other 
extreme, the three or four months’ treatment necessary to disinfect 100 
per cent. The author’s opinion is that for routine purposes all malaria 
patients should be put upon eight weeks’ treatment. None should have 
a shorter period of treatment. By careful inquiry into the history, we 
ean usually recognize a good many of the resistant, difficult cases to 
disinfect who would comprise the remaining 10 per cent. not disinfected 
after eight weeks’ treatment. Most of such cases give a history of pre- 
vious treatment followed by relapse. Any case thought likely to be a 
resistant one and to require longer treatment should be given treatment 
at the outset accordingly. Two, four or six weeks should be added to 
the usual eight weeks’ treatment. This must be done without inter- 
mission. If, for instance, a patient takes treatment for eight weeks and 
then after stopping, relapses, the full eight weeks’ treatment must be re- 
peated and the additional time added to it. The first course of treat- 
ment, which failed, is of no value. This is a fundamental principle 
affecting the treatment of any disease by means of a specific, which 
is not generally recognized or appreciated. To give insufficient treat- 
ment and wait for a relapse to indicate whether the patient has been 
disinfected usually results in necessitating a needlessly long treatment, 
in the first place, and, in the second place, exposes the patient to what- 
ever danger there may be in repeated attacks of the disease. It is the 
duty of physicians, therefore, to inquire, in every malaria case, whether 
the patient has recently had other attacks of which this is likely to be 
a relapse and whether the treatment employed was of sufficient dura- 
tion to have been likely to disinfect the patient. If so, he may con- 
clude that this is probably a resistant case and should give him treat- 
ment accordingly. 

(6) Menstruum.—tThe 6, 8 and 10 grain doses of quinin are best 
given in compressed tablets of 3, 4, or 5 grains each. Tablets are more 
convenient, less expensive and set free their quinin more quickly and 
more certainly than capsules do. They do not deteriorate with age 
as is frequently thought. Recently the author secured some quinin 
tablets from different manufacturers, some of the tablets being as much 
as seven years old. When dropped in water they crumbled and set 
free their quinin in a very few minutes. The 1% to 4 grain doses are 
best given in aromatic syrup of yerba santa. This menstruum greatly 
reduces the bitter and unpleasant taste and is perfectly satisfactory. 
A sufficient amount of ordinary sulphate of quinin should be mixed 
with the syrup so that one teaspoonful contains the desired dose; or 
in children under one year of age one-half teaspoonful should contain 
the desired dose. 

Quinin in Solution Condemned.—The author believes that prescribing 
quinin in acid solution is one of the worst mistakes that can 
be made in the administration of quinin for malaria. There are extremely 
few people who will take such a dose for a period of eight weeks. Any 
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doctor who has been in the habit of prescribing quinin in solution or 
who is disposed to do so in the future should investigate the method 
by taking it himself. He will have to have a good amount of grit to keep 
it up for the period necessary to disinfect a patient of malaria. To 
prescribe such unnecessarily unpleasant doses simply defeats the ob- 
ject in view. Nothing could contribute more to the prejudice and ob- 
jection to the use of quinin than to try to give it to patients in this 
way. 

(7) Contra-indications.—There are no contra-indications for the use 
of quinin in the proper dose for treating malaria, except perhaps extreme 
idiosynerasy to the drug. There are some instances in which people 
are made quite uncomfortable by quinin. In most instances the discom- 
fort consists of ringing in the ears, more or less dizziness and frequently 
urticaria. Patients under the influence of large doses of quinin feel it 
very much worse, especially the dizziness, when exposed to heat, as, for 
instance, if they are working in the field in the hot sun. Usually these 
symptoms will pass off in a few days if the patient continues to take the 
drug. The best remedy for the urticaria in patients who are obliged to 
take quinin is to continue its use. After a few days the effect wears 
off. It may be necessary for those who are especially susceptible to the 
drug to take smaller doses for a few days until they can acquire a cer- 
tain amount of tolerance. 

There are many people who imagine they cannot take quinin. This 
idea is often encouraged by doctors. Patients who say they cannot 
take quinin are frequently given quinin disguised in some way and then 
they do not feel the effect at all. It is much better in the majority of 
instances to tell the patient frankly that there is no way of masking 
the unpleasant effect to any extent and that the proper thing is to over- 
come it by continuing to take the drug. At any rate, he should be in- 
formed that it is a choice between malaria and quinin; it is usually not 
difficult for him to make the decision. Doctors ought to refrain from 
encouraging patients in their fancy that they cannot take quinin. It is 
especially bad to give hypodermies of quinin to people who fancy that 
they cannot take it by mouth. It is not practical to give quinin hypo- 
dermically or intramuscularly over a sufficiently long period of time 
to disinfect patients of malaria. Even if it were practicable, it would 
still be ridiculous to substitute such a painful and formidable procedure 
for the simple and eminently successful administration by mouth. 

(8) Antidote——In cases of poisoning by quinin taken by mouth, 
emptying the stomach by means of the stomach-tube, vomiting induced 
by tickling the fauces, or any other method of eliminating quinin from 
the stomach should be resorted to. In cases of poisoning by overdoses of 
ey given intravenously, stimulants, especially strychnin, are indi- 
cated. 

SURGICAL INDICATIONS.—The only surgical treatment that has been 
employed in malaria is splenectomy for very large spleens. The op- 
eration is probably never demanded or justified in simple malaria. 
Proper quinin treatment always results in a gradual but certain re- 
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duction of the spleen which, however, sometimes requires many months 
to return to normal size. This is readily understood when we recall 
the large amount of insoluble pigment deposited in the spleen which 
must be broken up and eliminated by a long, slow process. 

MANAGEMENT OF CONVALESCENCE.—In cases of ordinary chills and 
fever no special management of convalescence is required. There is dif- 
ference of opinion as to whether iron and other tonics should be given. 
A good many follow the practice of giving some form of iron and possibly 
strychnin as a tonic during the convalescent period. Others employ 
arsenic, believing that it has some specially beneficial effect in malaria. 
In fact, there was a time when it was believed that arsenic was actually 
curative in malaria. There is no good ground for its use, however, in 
the presence of the much more certain and beneficial drug, quinin. The 
author’s opinion is that plenty of fresh air and nutritious diet is all the 
tonic that is needed during the convalescence of any ordinary case of 
malaria. The very severe pernicious cases are sometimes followed by 
more or less prolonged and tedious convalescence. The anemia that 
occurs is sometimes very marked, and considerable time is required to 
rebuild the lost blood. The most important thing of all is to keep the 
patient constantly under proper quinin treatment. One must be guided 
by the conditions in the individual case as to the duration of rest fol- 
lowing attacks of pernicious malaria. Usually in such cases the patient 
should be kept in the hospital for at least a week or two following a 
return to normal temperature. Although rest, fresh air and nutritious 
diet are by far the most important factors in rebuilding the lost blood, the 
author believes that arsenic, perhaps in the form of Fowler’s solution, 5 
to 10 minims t.i.d., may possibly be of additional service following ex- 
ceptional pernicious attacks. 

It is the duty of a physician who has the responsibility of a case 
of malaria, to advise the protection of the patient against the bites of 
mosquitoes in order to avoid the danger of transmission during the first 
few days, which includes the convalescent period. The vast majority 
of cases are non-infectious after the first day or two of proper quinin 
treatment, but a few remain malaria carriers and a potential source 
of infection for mosquitoes for at least a week or two after the fever 
is stopped, regardless of the amount of quinin that may be taken. 

Prognosis.—As To Rrcovery.—The prognosis of malaria is influ- 
enced to such an extent by different factors, especially by the clinical 
type of infection and the treatment the patient is undergoing, that 
it is difficult to make any definite statement with regard to it. The 
types of malaria which occur in some localities where the disease is 
quite prevalent are seldom fatal provided the patient is given quinin, 
especially if he receives proper doses. In other localities or countries, 
the disease is much more fatal, due perhaps to the predominance of the 
estivo-autumnal parasites, which give rise to nearly all cases of per- 
nicious malaria. It can be stated confidently that practically no malaria 
patients die except those who do not receive proper treatment or those 


634 MALARIA 


who are too far advanced before treatment is instituted. It is abundant 
evidence of incompetency for a physician to lose malaria patients who 
have been under his care for any considerable length of time. 

In a general way, it may be said that the more extensive the use of 
quinin in the treatment of malaria, the lower the mortality, and that 
the less use made of quinin, the greater the mortality. In some of the 
tropical countries, in which conditions for the transmission of malaria 
are most favorable and where there is little use of quinin on account of 
ignorance or on account of prejudice against its use, as is frequently the 
case, the mortality 1s quite high. In other regions, such as, for in- 
stance, the southern part of the United States, in which quinin is 
rather extensively used for the treatment of all acute attacks of malaria, 
although frequently ineffectively, and where the conditions as to in- 
telligence, etc., are more favorable, the mortality from the disease is 
extremely low. 

The great variation in the mortality from malaria in different parts 
of-the world is illustrated in Table 7 given by Deaderick.® 


TABLE 7.—Di1stTrIBuTION OF Matarta By Countries. (Deaderick.) 


Author Locality Cases Deaths 

Daverani. iow aa cacun ee er neve Turko-Russian War..... 140,000 1,002 
LAVOGTAN oo ois os hoe Os eee Se es Constantine............ 1310 | ...... 
Laveran........... 0. cee ee eee Italian Army........... 4,856 13 
SCheHONg sccm Goi wed Ses tees} New Guinea............ 1,954 22 

OSS itve cree nea wonoessa acceee GPeeCG si olodsc nc ees eas 960,048 5,916 
ROsSic. ey ede tat eee eas Hong Kong............ 7,352 
WING cstidee ns cumin ayeeees Cann Wikoff. 2.5.5.4. 6 39 
SIAR Gs56.ct7 yt es Gea e hen ivil War............. 1,373,355 15,423 
TYAVGTS. . 65 cee ccc eee eet nes Malay States........... 3,¢ 
Ter burg 2056 wens ate aed Fees Dutch Indies........... 2,308,128 114,490 
Cardamatis:<icsxee-vecacseoe ae Athens................ 22,618 15 
OCs 6 4524s lass hehe ee GrossetO............... Po) ae ee 
oe SO ee CT ee Ce ee ee Kast Africa............ 63 2 
Hagen eines eek eee .| Papua suri 301 23 
British Colonial Reports.......... British Colonies... ..... 12,617 618 
WR Gan ose kl dts ae scons British Malaya......... 17,468 680 
TIAW seared Coat ee Su ek ca sede Baberton.............. 449 14 
POD oss petrceerds teens wee wees North Bengal.......... 1,784 j;  ...... 
Daveranshicic-cravoxsveoGuees tia Algiers..............4: 98,774 7,432 
GOPPaS: 5 cod eek Ges eedae eee eee Panamas.c3 2 6. eccacacus 1,055 5 
PGP on ott veh aceon beeen ee ek Dutch Indies........... 116,879 731 
United States Marine Hospital. . General................ 6,618 20 
Various Hospital Reports......... Southern States......... 1,294 30 
German Protectorate uaa ee German Protectorates. .. 5,003 32 
Malaria Society. . Bick hs MBELY oto 6 os eset Sie ee aoc 22, 792 120 


5,109,001 148,949 





This table indicates an average mortality of 2.89 per cent. for the dif- 
ferent parts of the world represented. That it may be far from de- 
pendable is indicated by a comparison of definite information as to the 
mortality in Sunflower County, Mississippi, with the stated mortality 
of the southern states, of approximately 2.3 per cent. ; 
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Sunflower County, Mississippi, shows almost as great a prevalence 
of malaria as any other county in the southern states. The incidence is 
about equally divided between the tertian and the estivo-autumnal type. 
The physicians of the county reported an average of 8,236 cases per year 
during the five year period 1914 to 1918 inclusive. A careful survey in 
which the history of attacks of malaria during 1917 was obtained from 
8,053 persons and computed for the county indicates that 21,756 cases 
occurred during one year (1918). Blood examination of those who claimed 
not to have had attacks of malaria showed that a considerable number 
of those who gave negative histories showed malaria parasites in their 
blood. The average number of deaths from malaria in Sunflower County 
during the four year period 1914 to 1917 inclusive was 77 per year. 
If we base our calculation upon the number of cases treated by physicians, 
this indicates a mortality of 0.93 per cent. If we base our calculation 
upon the number of cases indicated by the history of attacks obtained 
as in our survey, this indicates a mortality of 0.35 per cent. This is 
certainly the maximum mortality rate from malaria in Sunflower 
County, which it is believed is a representative locality of the malaria 
area of the southern states. That it is still somewhat lower than this 
seems very certain if we include in our ecaleulation those who had 
malaria parasites in their blood but were not recognized as having the 
disease because of lack of recognized symptoms, and base our ecalcula- 
tions upon the sum of the total number of persons who had attacks of 
malaria and of those who had parasites in their blood without having 
had attacks that were recognized. We may conclude from these facts 
that the mortality from malaria in Sunflower County, which is probably 
as high as in almost any other part of the southern states, is less than 
0.35 per cent. of those who have the disease or infection. There are 
not many persons in this particular locality who have been disinfected of 
malaria by quinin treatment, but almost all who have attacks take quinin 
in some form or other sufficient to relieve or modify the attack and to 
prevent death. No doubt if quinin were entirely withdrawn from the 
locality the mortality from malaria would be increased many fold in a 
comparatively short time. 

Not only is the prognosis influenced very largely by the treatment 
malaria subjects receive in different localities, but it is also influenced 
greatly by the type of malaria which prevails. In any locality where 
tertian malaria, due to the Plasmodium vivag, is the chief or only type 
present, there would be very few deaths from malaria. The same is 
true to a large extent with the quartan types due to Plasmodium ma- 
larie. Few deaths are produced by quartan malaria. On the other 
hand, estivo-autumnal malaria, due to Plasmodium falciparum, is far 
more destructive than either of the other two. Practically all cases of 
pernicious malaria are produced by falciparum and almost all the deaths 
from malaria occur in what are commonly called pernicious cases. The 
high mortality in pernicious cases is indicated by the instructive table 
copied from Deaderick*® (Table 8). 
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TaBLe 8.—MortTAatiry In Pernicious Cases oF Mauaria. (Deaderick.) 











Number of | Number of 


Author Deaths 
TAVEPEN 6 beens c nun Mah we SA eee 53 
BBY ooo occa tend h dd sale Rie Sac Pe a SS 341 
NCD DIC ios 6.34 aN Coaae enw oun eee es 6 
Antonini and Monard.................000e- 9 
WI SOc cere ee wan ead wah basa anna eae 38 
RAN Fah ek eae oe cemrn nc dee 75 
Burot and Legrand............... 0.000 eees 142 
MAR cay fone ve pel hein Scele hula eae ar 8k 4,164 
SE FAVGIS: oe tase wait ab eee eb eb hae Boedaes 81 
Martirano......... 0. cc ccc ce cc cece cece ees 9 
PODER soa eased eal eee he hae PERE 1 
Tanzarella............. ccc cece e eee eee eeee 8 
Thayer and Hewetson...................... 2 
MOH ot barat Ge eed Ow Ba died we eatel wa ean 1 
0 E01 | Ca eee a ee eB ee 6 
Theophanidis: 9:c:s se<24snewece ess eeseenee ss 2 
Car dati atisivsis cscs sce esas bach ot buted wedwe es 2 
PAMDOURISs c2nd Sos ones 5b eww ae Ol wee ate 20 
PAO terse oe ientedee sesh een cada ae 2 
DCR AEG aso 6. ce, vgs arsee alae o-oo oS are ore te Goh asieeans 15 
Weare eos scp et cht hes cateee bis et iecees 77 
eee Ne Pe NT eT NC ee eae nee ey ae 56 
MiRtiranG cose cle Secs eho ewe ered bead 3 
Chasity Hospital, New Orleans.............. 6 
INCOR sialon rn etree cs accre ae ieee hare ate 3 
DE cated wat eae et Bares erate name eee 1,879 
Cardamatis........... 0.0 ccc cece ecnccecees 9 
Colonial Reports.............. cece eu eeees 133 
ieee and Kiener...............ecceceeees 


The very great difference in the mortality as reported by the differ- 
ent observers here quoted is no doubt due largely to the difference in 
classification of clinical types by the different authors. If it should 
occur, as no doubt it does, that one observer classes as pernicious cases 
only those of the most extreme type, the mortality would be much higher 
in his group of cases than it would be in the pernicious cases of another 
observer who included in the particular classification a larger number 
of milder cases. There is no hard and fast dividing line between per- 
nicious and non-pernicious cases. 

The mortality from malaria in children is considerably higher than 
in adults except that it is also high in the case of old persons. There 
is a great variation in the resistance of different individuals to the 
effect of malaria. Perhaps one explanation for this is the fact that 
where malaria prevails to a great extent those who are especially sus- 
ceptible to its destructive effect die while quite young and do not reach 
maturity. This is confirmed by the fact that in a locality where malaria 
is very prevalent the adult residents seem to have milder forms of the 
disease than children, whereas adults who come from non-malarious re- 
gions have much more severe attacks, which often, in the absence of 
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proper treatment, result fatally. It may be, therefore, that there is not 
actually any difference in the destructiveness of the disease in in- 
dividuals of different ages, provided they have not previously acquired 
any degree of immunity or resistance by previous attacks. 

Race is also thought to play a part in the mortality from malaria. 
For instance, in the southern states the mortality rate among the ne- 
groes is generally believed to be lower than it is among the whites. A 
much larger per cent. of the negroes have acquired resistance by previous 
attacks, than is the case with the whites, because the infection is 3314 
per cent. greater in negroes. The greater prevalence of the infection 
among negroes would result in a larger per cent. of immunity or re- 
sistance and therefore in a somewhat lower mortality per case or attack. 

Certain races are much more prejudiced against the use of quinin 
than are others. For instance, the Spanish people in Latin America 
are aS a rule very disinclined to use quinin, and it is with difficulty 
that they can be induced to take it. The author’s attention was called 
to this very forcibly while he was engaged in research work in the 
Ancon Hospital in Panama. Dr. Henry R. Carter stated that not only 
was it practically impossible to induce the Spanish laborers to take 
quinin after they left the hospital, but that they frequently had to be 
watched to keep them from throwing away what was given them in the 
hospital. The solution of quinin was used, it seems, for the purpose 
of making it more difficult for them to throw it away or to de- 
ceive the nurse when it was being administered, as well as perhaps 
because it was thought that it was more effective. The author is in- 
clined to think that the use of quinin in solution perhaps did more 
harm than good. There are not many people who will continue to take 
it for any length of time in this form. 

As To FUNCTION.—Whenever recovery from malaria takes place, it is 
complete and usually very rapid so far as function is concerned. Long 
before the patient is disinfected, he appears to be perfectly well. After 
pernicious cases, it may be considerably longer before the normal 
is regained, especially in the case of the spleen and liver. The spleen 
remains enlarged for many months in those cases in which it has been 
considerably enlarged as it sometimes is. With proper quinin treatment, 
however, the size of the organ reduces steadily, and in from a few months 
to a year it returns to the normal size. In cases in which there has been 
a great deal of deposition of pigment in the tissues, it 1s sometimes 
a month or two before this has been entirely removed and the complexion 
has returned to the normal. Large quantities of pigment are present 
in the spleen for many months after all parasites have been destroyed. 
However, this does not seem to affect the function of the organ seriously, 
if at all. The same thing can be said of the liver, except that it contains 
less pigment and probably clears more rapidly. 

Pathology.—The most important changes in malaria are those af- 
fecting the blood and especially the red blood-cells. Malaria does not 
affect the leukocytes to any considerable extent. The only notable change 
in the leukocytes is an increase in the percentage of large mononuclear 
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cells. This is due to an effort of nature to supply an increased number 
of cells in order to phagocyte the pigment and perhaps the parasites 
set free by the segmentation of the schizonts. The increase may run 
up to 20 or 30 per cent., although in most cases of malaria the large 
mononuclear cells do not exceed from 10 to 15 per cent. The normal is 
from 1 to 8 per cent. 

In pernicious malaria there is frequently a leukocytosis running as 
high as 15,000 or 20,000 in some cases. Whenever leukocytosis occurs, 
it is also accompanied by an increase in the neutrophil count. 

Since every parasite, as it matures, destroys at least one red blood- 
cell and since countless millions of parasites mature at the time of oc- 
currence of every malaria paroxysm, this destruction of red blood-cells 
soon leads to more or less anemia. Some think that the anemia is out 
of proportion to the number of parasites present. Lawson ”° has offered 
observations in support of her belief that the anemia which appears 
to be out of proportion to the number of parasites is due to the fact that 
individual parasites migrate from one cell to another and that a single 
parasite damages many cells. The anemia is frequently out of pro- 
portion to the number of parasites in the peripheral circulation, but the 
number found in blood smears does not necessarily indicate the number 
present in the individual. 

Most of the malaria parasites in an infected person are lodged 
especially in the capillaries of certain organs and tissues, but to a cer- 
tain extent in the capillaries of the entire body. Those which are 
present in the peripheral circulation are either very young and small 
parasites or parasites that have temporarily escaped from lodgment in 
the capillaries. One cannot estimate the number of parasites present 
nor the amount of blood that will be destroyed by a given number of 
parasites in the circulation. 

The anemia is due to a reduction in the total number of cells and a 
further reduction in the hemoglobin content of the individual cells. 
The color index is always below normal in uncomplicated malaria. 

FINDINGS AT AUTOPSY.—The skin of subjects who have died of acute 
malaria usually presents a dusky, brownish hue which is more pro- 
nounced the longer the disease has lasted. 

The spleen shows the most marked changes, perhaps, of any organ. 
It is always more or less enlarged. Enlargement is greater in tertian 
than in estivo-autumnal malaria and it is greater the longer the duration 
of the disease. The color is grayish and reddish brown. The capsule 
strips easily in most instances. The organ is usually soft and pulpy. 
There is enlargement of the malpighian corpuscles, sometimes giving the 
appearance of sago spleen. The cut surface shows the very much 
darkened tissue due to the presence of enormous quantities of pigment. 
Microscopic sections show the large mononuclear cells and giant cells 
to be heavily pigmented. The malpighian bodies show the greatest quan- 
tities and largest masses. The walls of the small vessels are thickened 
and the lumen is frequently obliterated by enormous numbers of para- 
sites contained free within the lumen as well as within the cells lining 
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the vessel. Smears of pulp from the spleen show large numbers of para- 
sites, red-cell débris and pigment. One receives the impression from 
studying such preparations and also from studying suitable sections from 
the spleen that not only are there many dead parasites in the spleen but 
also that there is growth and development there. In cases dying of some 
other disease, but which have latent or old malaria infection, the spleen 
usually shows more or less enlargement and pigmentation, depending 
upon the duration and extent of the latent malaria. Sections show 
pigment in the cells and also parasites in the small vessels and possibly 
in the cells. Frequently parasites can be found by examining smears 
from such spleens where none could be found in blood-smears during 
life. 

The lwer is enlarged and congested in all cases in which death is 
due to malaria. It is usually of a dark or brownish color due to the pig- 
ment it contains. Microscopie sections show collections of pigment in the 
capillaries, which are frequently well marked by its presence in the 
endothelial cells and also between the vessel-wall and the adjoining liver- 
cells. The small blood-vessels are frequently plugged or entirely clogged 
by the collection of parasites and pigment in their lumen. In the case 
of patients dying of other disease where latent malaria is present, more 
or less pigment and parasites can usually be found in the liver, not to 
the same extent, however, as they are found in the spleen. Cirrhosis 
is seldom if ever produced by malaria. 

The kidneys are usually more or less congested, and are softer than 
normal in the case of patients dying of malaria. The capsule strips 
easily and the medullary pyramids sometimes show minute hemorrhages. 
There is usually cloudy swelling and other damage to the endothelial cells 
lining the convoluted tubules. The cells lining Bowman's capsule are 
usually not affected. The tubules are frequently more or less plugged 
with casts. Certain of the capillaries are plugged with parasites and 
pigment, but to nothing like the same extent as is found to be the case 
in the spleen, liver and even in the brain. 

In the case of patients dying of hemoglobinuria, the kidneys usually 
show special pathology in addition to that found in ordinary acute ma- 
laria. The lumen of the loops of Henle is usually choked with casts 
of hemoglobin and with endothelial detritus. Since most cases of hemo- 
globinuria in which death occurs show suppression of urine, the tubules 
are plugged with casts in almost all cases. Aside from the more intense 
processes in the kidney and the greater jaundiced or yellowish appear- 
ance of all tissues, there is little difference between the autopsy findings 
in hemoglobinurie fever and those in other pernicious forms of malaria. 
It frequently occurs, however, that the evidence of parasites is less, but 
they are always found in malarial hemoglobinuria. 

Localization of malaria parasites in the brawn is one of the chief 
causes of death from malaria. Frequently at autopsy sufficient pigment 
is found in the brain to give a grayish or slaty appearance. There is 
perhaps no organ in which localization of malaria parasites in the 
capillaries can be as satisfactorily demonstrated as in the brain. The 
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eut surface sometimes appears grayish as a result of the large amount 
of parasites and pigment present in the capillaries. Smears or con- 
tact preparations show capillaries plugged for long distances with para- 
sites, most of which are attached to or within red blood-cells. Some, 
however, appear to be entirely free from blood-cells. Parasites are 
found in all stages of development, and in autopsies made soon after 
death the parasites in such specimens still stain well. No doubt they 
live for many hours in the cadaver. Cases in which coma or other 
cerebral symptoms are prominent features show the largest propor- 
tion of capillaries obstructed by parasites. As a matter of fact, the coma 
is produced, in the author’s judgment, by the anemia of the brain re- 
sulting from the obstruction of large numbers of capillaries. Occa- 
sionally hemorrhages and thrombi are found, but these are rather rare. 
Hemorrhages are probably due to the rupture of obstructed capillaries. 

The entire vascular system is greatly affected by malaria because 
of the fact that the development and reproduction of the parasites takes 
place within it. Thé endothelial cells lining the entire vascular system 
destroy the parasites and pigment, but it seems that the smaller the 
vessels, the more of this takes place. However, in vessels too large to be 
obstructed, we find that large numbers of endothelial cells lining the 
walls contain pigment. In most instances where death is due to malaria 
the capillaries of some vital organ or organs are plugged with parasites 
and débris from their reproduction. It is this plugging of the capillaries 
of one organ or another that produces many of the symptoms in per- 
nicious malaria. For some reason or other, the parasites collect in the 
capillaries of certain organs of an individual much more than they do 
in others. For instance, in some cases the parasites collect in the brain 
especially, giving rise to comatose or other cerebral forms of malaria. 
In other instances the parasites collect especially in the capillaries of the 
stomach or intestines, giving rise to a form accompanied by prominent 
gastro-intestinal symptoms, such as nausea, vomiting and diarrhea. 

Even the capillaries of the skin contain large numbers of parasites 
and large quantities of malaria pigment, especially in chronic cachectic 
cases. This is sufficient in many instances to give rise to the peculiar 
yellowish or brownish appearance of the skin of severe chronic malaria 
cases. In rare instances even the cardiac capillaries are plugged with 
parasites. 

In autopsies in hemoglobinuric cases the heart-muscle is frequently 
soft and flabby and upon microscopic examination is found to have 
undergone more or less fatty degeneration. 

The changes in the bone-marrow are among the most striking found 
at autopsy in acute malaria. The marrow is frequently of a brownish, 
chocolate color due to the presence of large amounts of pigment. This 
discoloration depends largely upon the severity and duration of the 
infection. The pigment consists not only of that present in parasites 
but also of that retained from the segmentation of other parasites. 
Microscopic sections show many of the vessels to be plugged with para- 
sites and pigment. Here are found the largest number of developing 
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gametes. In cases of estivo-autumnal infection, gametes show all stages 
of development, if they are present at all. The macrophages frequently 
contain large quantities of pigment granules, in many instances as much 
pigment as would be produced by twenty-five or fifty parasites. 

The lungs show the presence of a larger or smaller number of para- 
sites and of pigment in the capillaries, in autopsies on cases dying of 
severe acute malaria. There seems to be considerable variation in the 
collection of parasites and pigment in the lungs, but these organs 
do not offer as favorable conditions for the collection of pigment as do 
other organs and tissues. 

Autopsies on cases of pregnancy dying of acute malaria, or on 
cases of abortion from malaria, usually show very large numbers of 
malaria parasites in the maternal vessels of the placenta. In fact, a 
study of the sections indicates that the life of the fetus is destroyed 
by interference with its nutrition through the plugging of the capillaries 
by parasites and débris from their reproduction. 

The suprarenal glands usually contain many plasmodia, pigmented 
leukocytes, and a few macrophages. Some of the vessels are distended or 
dilated, apparently as a result of obstruction further on. Craig says 
that “‘a few of the adrenal cells may contain pigment and infected cor- 
puscles. ’’ 

Historical Summary.—One has only to look at the malaria maps of 
the world showing how the malaria zone belts the earth to know 
that its existence goes much further back than we can trace it his- 
torically. The ancient Egyptians were familiar with malaria, ac- 
cording to Groff, and the word ‘‘aat,’’ which is found among the in- 
scriptions of the temple of Denderah, is believed to refer to malaria. 
Deaderick says that more than one thousand years before the birth of 
Christ malaria is mentioned in the Orphic poems. Hippocrates gave a 
good description and classification of tertian, quotidian and quartan 
malaria. Plautus, who died in 184 B.c., wrote about what is believed to 
have been malaria in Italy. 

The first important epoch in the history of our knowledge of malaria 
dates from the discovery of Cinchona bark and its action in malarial 
fever. Peruvian bark was introduced in the middle of the seventeenth 
century. Torti and Morton divided the fevers into two classes,—those 
which were cured by the bark, and those which were not. They had in 
their hands at that time the therapeutic diagnostic test which is used 
to a very great extent at the present time. 

Pelletier and Caventou, in 1820, succeeded in isolating quinin, the 
most important alkaloid of Cinchona bark. 

The discovery of the malaria parasite was made by Charles Louis 
Alphonse Laveran on November 6, 1880, and announced to the Paris 
Academy of Medicine, November 28, 1880. It was many years before 
his work was accepted and among the last countries to accept it was 
his own—another instance in which ‘‘a prophet is not without honor 
save in his own country.’’ The idea that malaria is disseminated by 


insects, including mosquitoes, had been suggested from time to time 
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by Koch, in 1884, Laveran, in 1884, Fliigge, in 1891, Manson, in 1894, 
and by Bignami, in 1896. No doubt many others advanced the same idea 
from time to time, but the fact was finally proven by Ross, in 1898, 
following the suggestion of Manson. Ross’s discovery marks the be- 
ginning of a new epoch in the history of our knowledge of malaria, 
and stands out as one of the most important, if not the most important, 
discoveries ever made in connection with this perhaps most important 
disease of the world. Upon his discovery most of the malaria control 
that has ever been accomplished is based. It has already contributed to 
the progress of civilization more than can be told. 

Deaderick and Thompson did me the honor of saying that ‘‘ Bass’s 
discovery of the method of cultivating the malaria parasites (in 1912) 
is the most important land-mark in the history of malaria since the 
discovery of Ross.’’ Whether this proves to be true depends largely 
upon the use to which the cultivation of malaria parasites in vitro 
may be put in the future. Fortunately the author’s work has been con- 
firmed in nearly all civilized countries of the world. 

Geographical Distribution—No description of the geographic dis- 
tribution of malaria throughout the world that can be made would pre- 
sent the facts in as readable and useful form as would the three maps 
taken from Mannaberg’s studies on malarial disease in Nothnagel’s 
Encyclopedia of Practical Medicine. It will be seen that the malaria 
zone belts the globe and that the disease is more frequent as the equator 
is approached from each direction (Figs. 17, 18 and 19). 

Sociological Aspect of Malaria—Up to the present time the 
sociological aspect of malaria has not been properly emphasized. Al- 
though it has been appreciated that it is largely a community disease, 
the extent to which it is a family disease has not received sufficient at- 
tention. 

MALARIA AS A ComMUNITY DisEAsE.—Although mosquitoes capable of 
transmitting malaria are widespread, their flight and life habits are 
such as to prevent their transmitting malaria at long distances from 
their source of infection. A given individual who is a malaria carrier 
in a community is not likely to be a source of infection beyond from half 
a mile to a mile from his own residence. In a community where a large 
proportion of the population are infected with malaria, there are many 
sources of infection of mosquitoes and therefore there is great prob- 
ability of its transmission. One who lives in a malaria community runs 
greater or less risk of becoming infected, according to the number of 
malaria carriers living in the community. Every malaria carrier in the 
community is a menace to the health of the community and should be 
looked upon as such, just as a case of leprosy, small-pox, diphtheria, 
ete., would be. Since the infection is curable by means which are not 
beyond the reach of all, there is little excuse for anybody’s remaining 
a malaria carrier. He is an unnecessary source of infection. 

The control of malaria on a large scale will ultimately be made a 
community problem. In communities where it is possible to prevent or 
control mosquitoes, this can be made a community undertaking. In 
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Fig. 17.—SHOWING THE DISTRIBUTION OF MALARIA AS INDICATED BY THE INTENSITY 
OF THE SHADING. (Mannaberg, in Nothnagel’s Encyclopedia of Practical Medi: 
cine, W. B. Saunders & Co.) 
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communities where the difficulties in the way of mosquito control are 
sufficiently great to make it impractical or difficult to carry out, it is still 
possible to control malaria by disinfecting the infected persons with 
proper quinin treatment. 

In the demonstration of malaria control by disinfecting infected per- 
sons in Sunflower County, a community of 100 square miles, containing 
approximately 9,000 people, has practically eradicated malaria in one 
year’s time. This demonstrates some of the possibilities along this line, 
and indicates what a great reduction in the prevalence of malaria will 
result in any community where sentiment can be created against persons 
remaining malaria carriers. Sooner or later those who are interested 
must know that every malaria carrier in a community is a menace to the 
health and life of those who live in the community. 

Although malaria-infected persons are likely to be a source of in- 
fection to all the residents in a community, they are especially dan- 
gerous to their own families. A person who has malaria is likely to 
infect mosquitoes, which, after depositing their eggs and developing 
their parasites to the infectious stage, are most likely to return to the 
same house to feed again. In this way they are much more likely to 
infect other members of the same family than to infect other persons in 
the same community. If people with a proper sense of responsibility 
who are infected with malaria realized the danger of transmitting their 
infection to other members of their own families, causing sickness and 
perhaps death, they would be much more interested in thoroughly 
disinfecting themselves than they are at present. 

The author believes that this is one of the responsibilities that a 
doctor who treats a case of malaria should recognize and assume. Not 
only should the patient be advised and given treatment to disinfect 
him for his own health, but he should be informed of the great menace 
he is to the health and life of his family as long as he remains infected. 
There are not many mothers and fathers who would continue to carry 
infection or permit other members of their families to do so if they 
realized what it means to the life and health of the other members of 
their families. If the author, knowing what he does about malaria, 
should live in a malarious community and neglect to disinfect himself 
or any member of his family who might be infected, he would feel a 
great sense of remorse if another should become infected and perhaps 
die as a result. If public health workers who are endeavoring to con- 
trol malaria would make more use of this idea of the greater probability 
of transmission in the family of the patient himself than elsewhere, it 
would be found to be a strong argument in support of the thorough 
disinfection of individuals. 


REFERENCES 


Below are listed a few references of which special mention has been made 
in the text. Many others that have been referred to have not been listed here, 
It is considered that it would be out of place to give a complete bibliography 
of malaria. A partial one would be of only limited service. For complete bibli- 


REFERENCES 647 


ographies the reader is referred to Mannaberg in Nothnagel’s Encyclopedia of 
Practical Medicine, American Edition, 1905, W. B. Saunders and Company, 
Philadelphia; Deaderick’s Practical Study of Medicine, 1905, W. B. Saunders 
and Company, Philadelphia. During the past few years the Journal of the 
American Medical Association has listed practically all the articles on malaria 
of value in the English language and many of the foreign articles. One who 
has occasion to look up references to the literature on malaria should consult 
these references. 


1, 


10. 
11. 
12. 
13. 
14. 


15. 
16. 


17. 
18. 


19. 
20. 
21. 
22. 


AOR. Gok a 


HoFrMan, FREDERICK L., LL.D., Statistician The Prudential Insurance Com- 
pany of America. A plea and a plan for the eradication of malaria 
throughout the western hemisphere. Prudential Press, Newark, New 
Jersey, 1917, p. 6. 

Pusiic HEALTH REpoRTS, REPRINTS. Louisiana, No. 414; Kentucky, No. 
415; Eastern Texas, No. 419; Florida, No. 446; South Carolina, No. 
449; Arkansas, No. 451. 

DEADERICK, Wu. H. A practical study of malaria. W. B. Saunders & 
Co., Philadelphia, 1909. 

MANNABERG, JULIUS. Nothnagel’s Encyclopedia of practical medicine, Am. 
Ed., W. B. Saunders & Co., Philadelphia, 1905. 

JAMES, W. M. Notes on the etiology of relapse in malarial infections. 
Jour. of Infect. Dis., 1913, xii, No. 3, 277. 

Oster. Anniversary volume, 1919, published by Paul B. Hoeber, New 
York. 

Bass, C. C. A new conception of immunity: its application to the eulti- 
vation of protozoa and bacteria from the blood and to therapeutic meas- 
ures. Jour. Am. Med. Assn., 1911, Ivii, 1534. 

Bass, C. C., AND JOHNS, Foster M. The cultivation of malaria plasmodia 
(Plasmodia vivax and Plasmodia falciparum) in vitro. Jour. Exper. 
Med., 1912, xvi, No. 4, 567. 

Bass, C. C. Cultivation of malaria plasmodia in vitro. Am. Jour. Trop. 
Dis. and Prev. Med., 1914, 1, No. 8, 546. 

DEADERICK, WM. H., 4ND THOMPSON, LOYD. Endemic diseases of the 
southern states. W. B. Saunders & Company, Philadelphia, 1916. 

GriFFitrs, T. H. D. Winter hibernation of anopheles larve. U.S. Pub. 
Health Rep., 1918, xxxiii, No. 46, 1996. 

Kine, W. V. Anopheles punctipennis a host of tertian malaria. Am. 
Jour. Trop. Dis. and Prev. Med., 1916, ii, No. 8, 426. 

LePrince, J. A.. AND ORENSTEIN, A. J. Mosquito control in Panama. 
G. P. Putman’s Sons, New York and London, 1916. 

LEPRINCE, J. A., AND GriFriTTs, J. H. Studies of the distance of flight 
of Anopheles quadrimaculatus. U.S. Pub. Health Repts., 1917, xxxii, 
No. 18, 656. 

Mirzmain, M. B. Is mosquito or man the winter carrier of malaria or- 
ganisms? U.S. Pub. Health Bull., 1916, No. 84, 27. 

Barner, Marsyatt A. The Philippine Jour. Sci., No. 1, Sec. B, Trop. 
Med., Jan., 1918, xiii. 

Mirzmain, M. B. U.S. Pub. Health Repts., Sept. 1, 1916, xxxi, No. 35. 

MAaRCHIAFAVA AND BIGNAMI. Quoted in Castellani and Chalmers, Manual 
of Tropical Medicine, 2nd Ed., 1910. 

Craic, C. F. The malarial fevers. Wm. Wood and Company, New York, 
1909. 

Davis, Wm. T. Ocular complications of malaria and the toxic effect of 
quinin upon the eye. Southern Med. Jour., 1916, ix, No. 9, 769. 

STEPHENS, J. W. W. The anti-malaria operations at Ismailia. Ann. Trop. 
Med. and Parasitol., 1911, v, No. 2, 215. 

Derivaux, R. C. Malaria control: a report of demonstration studies con- 
ducted in urban and rural sections. Pub. Health Bull., 1917, No. 88, 49. 


648 


23. 


24. 
20. 
26. 
27. 
28. 
29, 


MALARIA 


STEPHENS, J. W. W., YORKE, W., BuackLock, B., Macriz, J. W. S., Coopsr, 
C. Foster, AND CartTer, H. L. Studies in the treatment of malaria. 
IX. A comparison of the results of interrupted and continuous quinin 
treatment. Ann. Trop. Med. and Parasitol., 1918, xi, No. 4, 359. 

Taytor, H. A. Malaria control demonstration at Hamburg, Arkansas. 
Southern Med. Jour., 1919, xii, No. 2, 74. 

LePrince, J. A. Mosquito contrel about cantonments and ship yards. 
Pub. Health Repts., 1919, xxxiv, No. 12, 547. 

DaRLING, SAMUEL T. Studies in relation to malaria, 1910, p. 32. Gov. 
Printing Office, Washington, D. C. 

CELLI, Pror. ANGELO. The restriction of malaria in Italy. Tr. 15th 
Internat. Congr. Hyg. and Demography, 1912, v, pt. 2, 516. 

Bates, JOHN Peuiam. A review of a clinical study of malarial fever 
in Panama. Jour. Trop. Med. and Hyg., 1913, xvi, No. 14, p. 209. 

Lawson, Mary R. Migration of parasites as the cause of anemia in 
estivo-autumual infections. Jour. Exper. Med., 1919, xxix, No. 4, 361. 


PRACTICE OF MEDICINE—TICE 
Insert in your Volume III these pages 649-662 immediately following Page 648. 


CHAPTER XX 
SAND-FLY FEVER 
By Epaar Erskine Hume, M.A., M.D., LL.D., Dr.P.H., D.T.M. 


Synonyms.—Pappataci fever, Phlebotomus fever, three-day fever, 
summer influenza, summer fever, Mediterranean dengue, Macedonian 
fever, Skoplje fever. It is of interest to note that the Arabic name for 
the disease ‘‘Yokos wa yuskut’’ picturesquely means ‘‘to bite and say 
nothing,’’ referring to the almost painless bite of the sand-fly. The 
Italian term ‘‘Pappataci’’ has somewhat the same significance. 

Definition.—An acute tropical and subtropical fever characterized by 
an acute onset, a sudden rise of fever with duration of three days, fall 
by lysis, practically no mortality, and transmitted by the bites of severai 
species of Phlebotomus. 

Etiology.—Virus.—The disease is produced by a filterable virus 
which has not yet been isolated. The causative agent is present in the 
blood during the early stages of the disease, the patients being infective 
during the first day but not later. This was demonstrated conclusively 
by Doerr and Birt. Sand-flies which had been permitted to bite per- 
sons suffering from the disease were transported to Vienna and Netley 
respectively, where the genus is unknown, The insects were then made 
to bite fresh subjects with the result that a number of such individuals 
developed the disease. These experimental infections were produced 
provided that the sand-fly had first bitten the fever-stricken patient with- 
in 24 hours after the onset of the disease, and then only if seven days had 
elapsed between the two stages of the experiment. Thus, it seems that 
the virus undergoes some cycle in the body of the vector. Blood taken 
from sand-fly fever patients may be kept on vitro for several days and 
still retain its infective property, even after having been passed through 
a Chamberland filter. 

TRANSMISSION.—The disease is transmitted by the bite of various spe- 
cies of the sand-fly or Phlebotomus, the most common being Phlebotomus 
pappatasi and Phiebotomus minutus, though many other species have 
been described. The female only is the blood sucker. The virus is 
transmitted from parent insects to their offspring or by the young eat- 
ing the excreta or the dead bodies of their parents and others. It has 
been abundantly proven since the experiments of Doerr and Birt that if 
sand-flies are absent from a locality, the disease is also absent. Patients 
often claim that there are no sand-flies where they live but a careful 
search during the day nearly always reveals them. In houses they are 
to be found in dark places near the cornice or behind hangings. The 
insects are of such small size that they readily pass through the ordinary 
mosquito netting and so escape in the morning. The bite is not painful 
and frequently does not awaken the sleeper. 

Lire History oF THE PHLEBOTOMUS.—The female deposits her eggs, 
40 to 50 in number, in dark, rather damp places where organic matter is 
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available as food for the larve. The eggs are laid separately and not in 
Asses, and Newstead’s observations tend to show that complete oviposi- 
tion may require several days for completion and that the females may 
die before producing their full complement. The eggs are 0.1 to 0. 15 
inillimeter long, elongate oval in form and thinly covered with a viscous 
substance. They become yellowish-brown in a few hours after deposition, 





\ 
Phiebotomus papatassi 


PHLEBOTOMUS PAPATASSI. Adults measure from 3 to 5 mm, in length. The posi- 
tion of the wings is characteristic, 


the surface being coarsely reticulated. The adults bite both warm- and 
cold-blooded animals, Engorgement is rapid and great and in from 36 
to 40 hours digestion is complete. The blood is probably an important 
factor in the production of fertile eggs and a meal is apparently neces- 
sary for fertilization. The food of the male Phlebotomus is somewhat 
uncertain. The length of life of the adult is unknown, though Wenyon 
succeeded in keeping one female alive for 48 days. They may be trans- 
mitted for considerable distances in ships and are undoubtedly distrib- 
uted by coasting vessels which may account in part for the geographical 
distribution. Temperature and atmospheric humidity are the chief fac- 
tors regulating breeding and development. Marrett states that the req- 
uisite temperature for active breeding is from 70° to 86° F. (21.1° to 
30° C.) and that below 60° F. (15.6° C.) the larve become dormant, 
The conditions necessary for favorable development and the determin- 
ing factors 1 in the selection of breeding places are (1) the presence of 
moisture in moderate degree, (2) the absence of light and (3) the pres- 
ence of nitrogenous organic matter. 

OccurRENcE.—Sand-fly fever occurs during the hot months of the 
year, a mean temperature of 70° F. (21.1° C.) being necessary for its 
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development. Below this temperature the sand-fly cannot go through 
its proper cycle. From the accompanying map of the geographical dis- 
tribution of the disease, it will be seen that it is found in all parts of 
the world, depending only on the prevalence of the necessary temper- 
ature. The altitude is important as in localities high above the sea 
level where the temperature is low the disease does not occur. Lower 
down on the same mountains or plateaux the disease may be found. 

It has been noted that the disease is apt to attach itself to certain 
buildings and from the fact that persons sleeping in the lower stories 
are more likely to become infected, it would seem that the insects do not 
fly high as arule. A more probable explanation may be that if unpro- 
tected individuals are to be found on the lower floors there is no neces- 
sity for the sand-flies to go higher in search of blood. The flies live and 
breed in old walls, cracks and fissures of buildings, in caves, in sand 
cracks on the ground, ete., a certain amount of moisture as well as 
darkness being necessary for their development. The larve feed on 
the excretion of bats, lizards and the like, and the adult fly has been 
seen to feed on these animals. It is usually stated that the sand-fly 
does not travel far from its breeding place and observation by medical 
officers of the allied troops in Macedonia, during the Great War, seem 
to bear out this statement. Some sanitarians go so far as to claim that a 
building situated more than fifty yards from the breeding places of the 
fly is relatively immune. The insects cannot withstand any consider- 
able current of air and hence bite chiefly on still nights. 

While sand-fly fever is usually an endemic disease, it may at times 
attain epidemic prevalence. Epidemics vary in severity, not only from 
time to time but from place to place. 

Symptomatology.—Incusation Prriop.—The usual incubation pe- 
riod is from three to seven days. Experimentally the disease has fol- 
lowed inoculation in as short a time as 16 hours, while the longest period 
is about nine days. 

Prodromal symptoms are usually so slight as to cause the patient 
little or no inconvenience, though in some cases there are muscle-pains, 
loss of appetite and lassitude. 

Onset is sudden, beginning with a slight feeling of chilliness or more 
rarely rigor and intense frontal headache. The temperature rises rap- 
idly to 103° or 104° F. (89.4° or 40° C.). The character of the headache 
isimportant. It is frontal and usually postorbital, the patient complain- 
ing that his eyes feel ag though they would start from his head. The 
eyes are quite tender to pressure and there is marked injection of the 
conjunctive. Photophobia usually exists. At times, the injection of 
the eye may be so marked as to remind one of an infection by the Hemo- 
philus (Bacillus) of Koch-Weeks. The lids are partly closed and if 
drawn. apart the injection will usually be found to extend in a horizontal 
band across the eyeball rather than covering the whole. 

The face and neck are flushed, the redness often being almost a rash. 
Castellani has described a peculiar feature of this erythema, viz., it per- 
sists for 10 to 15 days after the fever has subsided and fades away very 
slowly. Thus, it is often easy to recognize persons, especially blondes, 
who have recently recovered from the disease. 

The patient may complain of general muscle pains of excruciating 
character, particularly in the calves and loins, All motion is painful 
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so that the sufferer is perfectly willing to lie quietly in bed. He is apt 
to be irritable and to complain at any sounds, Though insomnia may 
eccur, the individual is more likely to be drowsy and even unable to walk 
on account of the vertigo. 

The gastro-intestinal system is disordered. There are severe attacks 
of vomiting, especially at the beginning of the disease, and persistent con- 
stipation. While the vomiting lasts there is marked loss of appetite, the 
patient in some cases declining food altogether. More rarely there may 
be attacks of diarrhea with hemorrhage from the bowel. The tongue is 
heavily coated on the dorsum with white or brown material, but the 
edges are clean. The liver and spleen are not enlarged, an important 
diagnostic point. 

The throat and palate are usually congested, injected and irritable. 
The gums and buceal mucosa bleed easily. There may be small hyper- 
emic red spots on the palatal mucosa, but these do not extend to the hard 
palate. 

The blood picture is an early leukopenia which persists well into con- 
valescence, averaging 3,000 leucocytes per c.mm. There is a relative 
diminution of polymorphonuclear leukocytes and an increase in the large 
mononuclears. The following may be regarded as a typical blood count: 


Polymorphonuclears ............ eee eee eee 61.1 per cent. 
Lymphocytes ........ 0c cece cece ees ee ener eeeeees 21.4 per ‘cent. 
Large mononuclears .......... 0... cece cence eee 14.2 per cent. 
HGSINO PUIG: oiciacwnet ct aclnoreate nh euewaRiatay ea 2.8 per cent. 
TYANSIVONGIS: icp Geson ecu r esha dsasddaeneeeien 1.5 per cent. 


The urine is of a febrile character but usually clear, acid in reaction 
and not very highly colored. There is usually no albumin, or if any, 
only a trace. 

On the third day, the temperature falls to normal or subnormal, but 
there ig sometimes a terminal rise. Accompanying the reduction in 
temperature there is often epistaxis and profuse sweating, a sharp con- 
trast to the dry skin noted in the course of the disease. The heart rate 
is slowed during the illness. With the return to normal temperature the 
symptoms usually abate but convalescence is sometimes greatly pro- 
longed. For one to three weeks the patient is debilitated and unable to 
perform his duties. In this characteristic of the disease lies its economic 
seriousness to the community. 

Diagnosis.—The important points to be borne in mind are the season 
of the year, the presence of phlebotomi in the locality, the sudden onset, 
the flushed face and neck, the band-like injection of the conjunctive, 
the pains in the eyes and muscles, the leukopenia, the absence of rash and 
the rapid rise of fever ending on the third day. An examination of the 
skin, particularly the wrists and ankles, will usually reveal the sand-fly 
bites as red punctures often appearing papular. 

The disease most likely to be confused with sand-fly fever is dengue 
and most of those who have had that experience with the two maladies as- 
sert that it is impossible to differentiate sand-fly fever from the mild cases 
of dengue. Dengue is more epidemic in character, the pains are more in 
the bones and joints, there is a characteristic rash and the fever instead 
of ending on the third day usually recurs after an afebrile period of a 
few days. In both diseases there are hemorrhages from the mucose and 
leukopenia. 
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Influenza, which resembles sand-fly fever in many ways, is a winter 
disease; the blood picture is different and the catarrhal symptoms are 
more pronounced. 

Malaria may be diagnosed by the presence of the parasites in the 
_blood, the temperature chart and the enlargement of the spleen. Phil- 
lips stresses the complaint of the malaria patient that he has ‘‘fever’’ 
while the sand-fly fever patient complains of ‘‘pains.”’ 

Mild attacks of yellow fever with their pains, leukopenia with relative 
increase of mononuclears and tendeney to hemorrhage, may be difficult 
to differentiate, especially where both diseases are endemic. More severe 
cases of yellow fever, of course, offer no difficulty. 

The diseases of the typhoid-paratyphoid group begin more gradually 
and are of longer course and we have the assistance of the laboratory in 
making the blood culture or later the Widal test. 

In localities where typhus fever and sand-fly fever are coexistent the 
diagnosis may offer great difficulty, but the leukocytosis of the onset of 
typhus affords valuable assistance. The differences in seasonal occur- 
rence are of course significant. 

Treatment.—PRorpHYLAXIS.—The only way to escape the disease in 
endemic districts is to avoid the bite of the insect. Attempts should be 
made to protect both the well individual and the patient from the sand- 
flies. The Phlebotomus being smaller than the mosquito, the ordinary 
mosquito net or screen is of no value. Sand-fly nets are manufactured 
and have meshes so small (40 to 45 to the inch) that the sand-flies cannot 
pass through. These, however, keep out so much air that their use is at- 
tended by great discomfort, so that in the tropies or during very hot 
weather in the more temperate zones, they are of but little practical 
value. Camphor and kerosene seem, when placed inside the mosquito 
netting, to have some value in driving away the insects. Attempts have 
been made to spray the outside of the mosquito nets with a solution of 
naphthalene or formalin which have a distinct value in keeping away 
the insects, but are very unpleasant for the sleeper. Punkahs and elec- 
tric fans are useful in keeping away the flies, and the removal of bed- 
rooms to the upper stories of buildings is not without its use. 

In addition to screening with its disadvantages, the following meas- 
ures are among those recommended by the Royal Air Force Sand-fly 
Fever Commission : 

(a) Free ventilation and artificial air currents. When electric fans 
or punkahs are employed, they should be directed against the open 
window. 

(b) The admittance to the rooms of as much light as possible during 
the day, the use of powerful electric lamps if practicable until dusk, 
sueceeded by the employment of fans at the windows. 

(c) Reduction of hiding places. The walls to be rendered as free as 
possible from hangings, pictures and other articles, the beds to be kept 
in the best lighted parts of the room, away from the walls. At times 
the felling of trees in immediate proximity to the house is desirable. 

(d) Repellents. Besides camphor and kerosene, which have been 
mentioned, many formule have been suggested. These contain chiefly 
combinations of the oils of anise, eucalyptus and cassia together with 
materials to form an ointment. Tobacco smoke is an excellent repellent. 
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- (e) Fumigation of the rooms with suitable insecticides, one of the 
best of which is pyrethrum. 

(f) Traps. Box traps lined with dark cloths placed high up in the 
dark portions of the rooms. These should be examined daily and the 
flies killed with ammonia fumes. 

(g) Destruction of the breeding of the sand-fly. This is at once the 
most important and the most difficult measure. Superfluous stone walls 
in bad repair in the neighborhoods of towns and villages should be re- 
moved. Constant supervision of the walls in the proximity of infested 
areas is required. All holes and erevices, even the most minute, should 
be filled with cement or other suitable material. Crevices in and near 
buildings should be watered daily. No heaps of stones, bricks, refuse 
material, ete., should be tolerated within a radius of 100 yards from the 
nearest habitation. Rough ground to be cleared of weeds and all holes 
disclosed to be filled with beaten earth. Gardening should be encour- 
aged. 

Certain natural enemies of the sand-fly are known. In Malta, a 
chelifer attacks the larve and the mite and a fungus attacks the adult. 
McKie has described in India a flagellate protozoon in the intestine of 
the fly. 

MEDICINAL.—The treatment is purely symptomatic. No drugs of 
value are known other than the various antipyretics, the most satisfac- 
tory of which is pyramidon. Aspirin relieves the pain in some individu- 
als but in others has but little effect. The disease is self-limited and 
during its continuance the patient should be kept at complete rest in bed 
and on soft diet. 

Complications and Sequele.—These are not as a rule serious. The 
most important is the weakness which characterizes the period of con- 
valescence. In more severe cases there may be bronchitis, phlebitis, or 
even nephritis, orchitis and parotitis. A peculiar loss of memory has 
been noted. While the usual period of the disease is three days, it may 
last for four or five. In fact, there are in the tropics a number of ill- 
defined fevers lasting from four to seven days or longer which may be 
varieties of dengue or sand-fly fever or both. 

Mortality and Morbidity.—The discase is not primarily a serious one 
and the mortality is practically mil, but it is of considerable importance 
since it produces a great degree of prostration, though fortunately of a 
short duration. It has been a factor of great military importance, for 
the non-effective rate among troops who are not immune to the disease 
and who enter endemic zones is extremely high. It was stated that the 
occurrence of sand-fly fever among the British and French troops in 
Macedonia at one time enabled the Bulgarian forces, who were immune, 
to make a decided gain. Similarly, workmen and others taking up their 
occupations in areas where the disease exists may expect to become more 
or less incapacitated for a time unless preventive measures are taken. 

Immunity.—Relapses following an attack of sand-fly fever have fre- 
quently been observed, but undoubtedly a lengthy immunity ultimately 
results which some believe lasts for life. It seems probable that hered- 
itary immunity does not occur. Thus the majority of those coming to 
an endemic district from localities in which the disease is unknown are 
usually attacked during the first two years of their residence. It is 
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stated by Phillips that more than 90 per cent. of such individuals are 
attacked. From my own experience in Macedonia, I believe this figure 
somewhat high. Persons living in endemic zones often claim that.they 
are immune and may even consider this immunity hereditary but it 
peems far more probable that whatever immunity exists among the pop- 
ulation. of infected communities is acquired from attacks early in life. 

Pathology.—This is not known as the disease is not fatal. 

History.—Sand-fly was first described as a fever of three days’ dura- 
tion occurring in the Mediterranean basin by Pym in 1804, whose ob- 
servations were confirmed twelve years later by Burnett. Sinee that 
time, there have been numerous references concerning the incidence of 
the disease among troops from the north of Europe serving in tropical 
and semi-tropical countries. In 1903, MeCarrison definitely differenti- 
ated the disease in Chitral when he suspected the sand-fly as the causal 
agent. In 1901, Doerr, Franz and Taussig published their account of 
the disease mentioned above. In 1915, Castellani showed that the so- 
called Skoplje fever of Serbia and Macedonia is really sand-fly fever. 
The most recent work on the etiology of the disease was done by the 
Sand-fly Fever Commission of the Royal Air Force. Though the dis- 
ease occurs extensively in the southern part of the United States, there 
has been but little written about it in this country. 
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